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Tall fescue (Schedonorus arundinaceus), is a cool season perennial that provides
grazing into the early summer months for southern livestock. Grazing the tall fescue
variety, Kentucky-31, has negative effects on animal health, particularly after jointing.
Two studies were arranged as randomized complete blocks in a split-plot design, with
three replicates to compare: the effect of ten herbicides on seedhead suppression, or the
effect of inter-seeding legumes [white clover (Trifolium repens) or alfafla (Medicago
sativa)] coupled with nitrogen supplementation on fescue yield and forage nutritive
value. The herbicides imazethapyr + 2,4-D and without, metsulfuron + chlorsulfuron,
reduced seedheads emergence, but not yield compared to the control. Kentucky-31 interseeded with white clover and fertilized with 11 kg N ha-1 produced greater biomass than
tall fescue fertilized with 11 kg N ha-1. The inter-seeding of white clover produced
composite forage samples with greater in vitro dry matter disappearance than nitrogen
supplemented alfalfa.
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CHAPTER I
TALL FESCUE

Introduction
Tall fescue (Schedonorus arundinaceus Schreb.) has been the preferred coolseason forage for livestock producers in many areas of the central US due to greater
yield, moderate forage nutritive value, and persistence under stressful conditions
compared to other perennial cool-season forages. Adapted primarily to the sub-humid
and humid Southeast, tall fescue fills a useful niche for forage producers (Hancock and
Andrae, 2009). Research has proven tall fescue’s negative effect on animal production is
correlated to an endophyte prevalent in certain selections of tall fescue. The toxic effects
of tall fescue pastures are exacerbated when the plants reach late boot stage. Forage
consumed at this stage will have increased ergovaline concentrations and a corresponding
decrease in animal performance when consumed.
Extensive research on the negative effects of wild-type endophyte found in
Kentucky-31 (E+) has led to the development of tall fescue with endophyte strains
producing little or no ergot alkaloid (NE). These new tall fescue cultivars are; either
endophyte free (E-) or contain a novel (or friendly) endophyte. To obtain E- varieties, E+
seed has to be stored for long periods of time (one to two years), during which the native
endophyte dies and is replaced with a friendly endophyte (Table 1.1; Ball et al., 2007).
1

Kentucky-31, tall fescue, currently grows on an estimated 14.1 million hectares
within the US, with 242.9 thousand hectares in Mississippi (Lemus, 2011; Ball et al.,
2007). Concentrated within central and north Mississippi, KY-31 provides the needed
cool-season perennial growth for livestock producers. Production systems using annual
ryegrass (Lolium perenne Schreb.) alone do not provide a sufficient grazing into the
summer (June and July). Environmental conditions in Mississippi support the mutualistic
association between the wild-type (toxic) endophyte and tall fescue providing increased
persistence and production compared to other comparable cool-season perennials within
Mississippi.
The E- type fescue improve animal performance by not producing the toxic
alkaloids in the forage. A study conducted in Georgia, using three tall fescue types (E+,
E-, and NE) reported animals grazing E- pastures showed a 53% greater daily gain (0.95
vs 0.54 kg hd-1 day-1) compared to those grazing E+ pastures (Hancock and Andrae,
2009). However, E- varieties lack competitive vigor, causing them to decline under
heavy grazing and drought and heat tolerance (Bouton et al., 1993; Thompson et al.,
2001). Shelby and Dalrymple (1993) investigated changes in the occurrence of E+ in an
E- stand. Their data indicated that an initial E+ infection rate of 27% increased to 84%
after four years of grazing. This was attributed to E+ having a competitive advantage
over E-. Bouton et al. (1993) investigated E- at Tifton, GA compared to E+ in clipped
plots. Wild-type infected fescue plots had increased stand persistence as well as biomass
production, indicating the elimination of the wild-type endophyte impairs overall tall
fescue productivity and persistence.

2

Perennial ryegrass (for turf) research aided in the developmental concept of
utilizing alternative compatible strains of endophyte in tall fescue; thereby maintaining
positive production traits, while alleviating the negative alkaloid effects in animal
performance. This led to the development of the first NE tall fescue variety, Jesup MaxQ
(Hancock and Andrae, 2009; Bouton et al., 2002). The NE fescue type possesses similar
persistence and competitiveness traits of the E+, but show no symptoms of fescue
toxicosis in grazing livestock. These NE types persist in harsh environments; tolerate
heat, drought, and heavy grazing stress. Bouton et al. (2002) investigated different
strains of the novel endophyte infecting tall fescue by measuring stand persistence,
animal performance and yield. Their findings indicated that Jesup (infected with the
novel endophyte AR542; MaxQ) was similar in agronomic performance to E+ KY-31,
however no better. Average daily gain (ADG) of lambs grazing on NE MaxQ was
improved compared to the E+ (127.8 vs 76.6 g d-1, respectively). White and Lemus
(2013) determined northern Mississippi climate favored NE type fescues. Although,
much research and selection has been conducted on the NE types of tall fescue, there
needs to be further investigation to find NE types that enhance the agronomic potential
beyond E+ tall fescue for the Southeast.
Management of E+ Tall Fescue
Management of E+ fescue intake is imperative to limit negative health issues in
livestock. There are several management strategies, which have been developed to
mitigate E+ tall fescue in pastures; bio-control, mechanical control, dilution, and
chemical control, due to endophyte concentration migrating to seed and seedhead. Biocontrol is management through grazing at high enough levels to keep E+ in the vegetative
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stage. Mechanical control is a management practice that utilizes the removal of the
seedhead from the plant through mowing. Dilution is the practice of inter-seeding other
forage species into the E+ stands to lessen the concentration of toxic endophyte in the
total forage consumed. Chemical control is using approved chemical compounds to
reduce or suppress seed formation and emergence in the E+ pastures.
Using herbivores as a form of bio-control to manage E+ tall fescue has been
practiced for many years. Different grazing techniques, such as rotational grazing, strip
grazing, and creep grazing are effective management techniques. These techniques allow
efficient use of forage in a pasture, while controlling stubble height. Hamilton et al.
(2009) used several cutting heights (2.5, 5, 7.5, 10, and 12.5 cm) to determine the effect
on productivity, as well as, forage nutritive value in tall fescue (MaxQ) in Columbia,
MO. Tall fescue productivity was greatest when harvested to height of 2.5 cm,
accumulating 14,440 kg ha-1 in year one. However, cutting heights of 2.5 and 7.5 cm, did
not significantly differ with respect to yield in year two. Forage nutritive value tended to
increase when a >10 cm stubble height was used, compared to <7.5cm for tall fescue.
Better nutritive value was attributed to a greater leaf fraction in biomass accumulated
occurring higher in the canopy fraction.
Determination of ideal cutting height also provides better forage nutritive value
along with limiting seed head development. Other than grazing, seedhead management
of E+ fescue pastures is frequently practiced by repeated mowing. This management
approach is relatively inefficient, because animals grazing in the pasture often selectively
graze seedheads (Goff et al., 2012). Additionally, clipping may be costly, due to fuel and
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labor costs. Clipping a pasture is estimated $37.64 ha-1 USD, assuming a1.8 meter
rotary mower with a 40-HP tractor (Lemus and Weirich, 2010).
Dilution of E+ fescue in pastures is the most widely adapted technique. Interseeding legumes into established E+ pastures produces non-toxic forage which dilutes the
concentration of ergovaline in the composite forage. Legumes also benefit grass pastures
through nitrogen fixation, decreasing total nitrogen necessary to maintain forage
production for grazing livestock. Beck et al. (2012) inter-seeded white clover (Trifolium
repens Schreb.) into wheat (Triticum aestivum Schreb.) and annual ryegrass (Lolium
multiflorum) pastures, and compared them to pastures without white clover, but with
addition of chemical nitrogen (N) fertilizer in Hope, AR. Data indicated greater net
return per hectare ($140.79 USD) compared to pastures fertilized with chemical N;
although body weights per steer did not differ, suggesting the inclusion of white clover
provided gains despite cool season grasses that are responsive to N.
Alfalfa (Medicago sativa Schreb.), white clover, red clover (T. pretense Schreb.),
and lespedeza (Lespedeza cuneate Schreb.) are suitable legume choices for inter-seeding
into a pasture with E+ tall fescue (Ball et al., 2007). A study to determine the impact of
three legumes (white clover, red clover, and lespedeza ) inter-seeded into a dense stand of
E+ tall fescue indicated that white clover provided better ADG among the legumes tested
(Lomas et al., 1999). Schaefer et al. (2014) described similar results when white clover
was seeded to either meadow (Festuca pratensis Schreb.) or tall fescue.
Chemical control of fescue seedheads in E+ pastures is a more recently
implemented management practice. New chemistry in the rangeland and pasture market
has led to the development of target-specific herbicides. Goff et al. (2012) reported steers
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grazing E+ tall fescue treated with Chaparral® (aminopyralid and metsulfuron) gained
0.19 kg d-1 while steers in the control fescue only gained 0.15 kg d-1. The difference in
ADG was attributed to better quality forage in pastures chemically treated (Goff et al.,
2012). These researchers noted, Kentucky-31 pastures treated with the herbicides
remained vegetative; therefore, increasing forage nutritive value with a corresponding
reduction in seed head development.
Economic Impacts
Grazing of animals in unmanaged E+ fescue in pastures can cause severe
economic losses to the producer. Animal mortality, veterinary expenses, and additional
supplements may dramatically increase operation costs. Potential subtle losses include;
weight loss, decreased ADG, slower breed back, increased heat stress, reduced weaning
weights, and lameness (Ball et al., 2007). A 1993 study estimates cattle market lost $255
million (US) due to reduced weaning weights attributed to E+ pastures, and another $354
million (US) in reduced calf numbers (Hoveland et al., 1993). These losses jumped to an
estimated $900 million (US) in 2007 (Ball et al., 2007).
Varieties of tall fescue containing novel endophyte have become a great interest
to many animal producers. Examples of tall fescue-containing varieties include: MaxQ
(Jesup AR542) and Texoma MaxQ II (Texoma AR584), which have become popular in
replacing stands of KY-31 E+ fescue. Animals grazing the NE tall fescue display no
deterioration in performance compared to E+ tall fescue. Beck et al. (2012) compared the
effects of applying commercial N (spring and fall) or inter-seeding white clover with
three tall fescue varieties (KY-31, MaxQ, and Texoma MaxQ II) while measuring ADG
in Batesville, AR. Cattle grazing NE type tall fescue varieites saw increased ADG over
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E+ tall fescue (0.04 vs 0.11 kg d-1) for fall and spring, respectively. However,
replacement of the E+ with NE varieties can be expensive. Gunter and Beck (2004)
compared the economics, in Arkansas, of establishing the NE and maintaining a pasture
of E+. Seed of Jesup MaxQ cost was $8.82 kg-1 (US). Total establishment cost for yearone was $988.67 US ha-1 (Gunter and Beck, 2004). Maintenance cost was the same for
the NE and E+ pastures, but on the positive side, NE pastures had a net return of $198.69
USD ha-1, and the E+ was $133.26 USD ha-1 (Gunter and Beck, 2004). The NE pasture
in this study showed a profit $65.07 US ha-1 after establishment. Beck et al. (2014)
conducted an economic analysis comparing tall fescue types in which, results were
similar to previously reported by Gunter and Beck (2004). That is, stocker-based
operations using NE fescues were at least threefold more profitable than operations
grazing E+ tall fescue.
Pasture Renovation
Eradication of toxic E+ from a pasture is expensive. Two methods have been
used to eradicate E+ in pastures. The first, “spray/smother/spray”, was designed to assure
complete fescue mortality (Bagegni et al., 1994). Hancock and Andrae (2009) indicated
that this method is very expensive for producers. Following the name of the method,
they sprayed glyphosate, followed by the planting a warm-season annual, then sprayed a
second application of glyphosate. The second method is the “spray/spray/plant” method;
selected fescue pasture is sprayed with glyphosate prior to seed head development in the
spring, followed by a second application of glyphosate four to six weeks later to prevent
viable seed and plant growth. The last application of herbicide is followed by the seeding
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of a warm-season annual that could provide summer grazing, instead of leaving the field
fallow (Hill et al., 2010).
Conclusion
Tall fescue grows on 34.5 million hectares of the United States. It is estimated
90% of this land area is planted to endophyte-infected tall fescue (Ball et al., 2007; West
et al., 1993). The negative impact of the toxin-producing endophyte in K-31 tall fescue
on animal performance is well documented (Ball et al., 2007; Schmidt et al., 1986; Read
and Camp, 1986). Equally well documented is its effect on tall fescue persistence in a
southern pasture (Goff et al., 2012; West et al., 1993; Arachavaleta et al., 1989; Foster
and Lemus, 2012; Malinowski and Belesky, 1999). The option of renovating a pasture to
remove E+ is not viable for all producers. Renovation is expensive, time consuming, and
reduces grazing potential for a minimum of nine months. Endophyte-free tall fescue may
provide the best animal production results; however, E-s inability to compete with E+
fescue makes it a “non-starter”. Novel-endophyte fescue varieties have the persistence of
the E+ combined with the positive animal performance of E- fescues. Fescue varieties
with the NE are expensive and require monetary capitol for pasture renovation. This
investment can be risky when factoring in renovations are not all successful. There has
been significant research on aforementioned methods of toxicosis management and NE
varieties that do not produce ergovaline; however, there is not in-depth research on using
herbicides for managing E+ pasture; nor, inter-seeding legumes into tall fescue in Central
Mississippi. Furthermore, the inclusion of legumes would mitigate ergovaline intake, and
increase forage quality for grazing livestock; correspondingly decreasing chemical N
supplementation (Ball et al., 2007; Beck et al., 2012; Schaefer et al., 2014)
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CHAPTER II
MANAGING SEED HEAD SUPPRESSION IN KY-31 TALL FESCUE BY
HERBICIDE AND MECHANICAL PRACTICES

Introduction
Tall fescue (Schedonorus arundinaceus Schreb.) has a mutualistic association
with an endophyte (Neotyphodium coenophialum). This relationship is responsible for
tall fescue’s enhanced persistence and adaptability in the upper southeastern US, where
other cool-season perennials such as timothy (Phleum pratense Schreb.) and orchargrass
(Dactylis glomerata Schreb.) cannot sustain productivity (Ball et al., 2007). Tall fescue’s
adaptation (Fescue Belt) encompasses southern Ohio, Indiana, Illinois, and Iowa, west to
eastern Oklahoma, Arkansas, Kansas, and Louisiana, south to central Louisiana,
Alabama, Georgia, and Mississippi (Hannaway et al., 2009). Typically, tall fescue is
found along roadsides, or pastures further south; however, these areas usually are not
productive.
The endophyte does not spread from plant to plant, but spreads from infected
plant to seed (Ball et al., 2007). Neotyphodium coenophialum is systemically located in
the fescue plant, but concentrates in the aleurone layer of developing seed. The
endophyte infects the embryo upon germination (Bacon et al., 1986). Upon successful
germination, the endophyte moves throughout the new host seedling persisting in the leaf
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sheaths, until seedhead elongation. The fungus positions itself between the cells of the
scutellum and the starchy endosperm of the newly developing seed (Bacon et al., 1986).
In a mutualistic relationship, the endophyte receives nutrients, protection from
external forces (intense temperature changes, and light exposure), and dissemination, for
which the tall fescue plant obtains its competitive abilities such as predation deterrence
(Goff et al., 2012). A study comparing drought tolerance between cultivars with wildtype (toxic) endophyte (E+) and without (E-), showed the E+ endophyte allows infected
plants to persist in drought conditions (<50 mm irrigation; West et al., 1993). The
researchers found plants without endophyte displayed premature mortality during drought
conditions across all replications. Additionally, plants with E+ endophyte had increased
tiller activity, corresponding to greater survival (West et al., 2009).
Nutrient Accumulation
Endophyte-infected plants demonstrate the ability to accumulate and manage
nutrients more efficiently than E- plants. Arachavaleta et al. (1989) compared yields
between E- and E+ fescue by calculating N use efficiency in a pot study. The researchers
concluded that E+ plants produced the same yield as E- plants, which received a greater
N supplement (Arachavaleta et al., 1989). This suggests E+ tall fescue has an enhanced
ability for growth and production in soils with poor fertility.
Another nutrient endophyte aids in accumulation is phosphorus. Endophyteinfected tall fescue is able to obtain phosphorus from the soil at deficiency state. Foster
and Lemus (2012) compared the effect of available phosphorus on yield between E- and
E+ fescue plants, concluding that phosphorus uptake was greater in the E+, due to
smaller diameter, but longer root hairs as compared to E- (Foster and Lemus, 2012). The
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longer root hairs permitted greater soil penetration allowing for greater phosphorus
interception and uptake. Additionally, endophyte-infected plants, under phosphorus
deficient conditions, secrete phenolic-like compounds, which increase soil phosphorus
availability.
Alkaloids
Tall fescue has been associated with the production of various noxious alkaloids
via plant as well as fungus resulting in prevention of predation from herbivorous insects
and animals. Plant-based production of perloline, perlolidine, and perlolyrine are
naturally occurring within tall fescue, even without the presence of the wild-type
endophyte. These alkaloids, in great enough concentration (>10-4 M), will diminish
cellulose digestion under in-vitro testing, but confirmation in-vivo are yet to be
determined (Bush et al., 2009). Alkaloids produced via endophyte (peramine,
ergopeptide, and ergopeptine) are the primary alkaloids responsible for insect and
mammal deterrence within tall fescue stands (Bush et al., 2009). However, Lyons et al.
(1986) rated total concentration of ergopeptines within tall fescue and found ergovaline
present in greatest concentrations (84 to 97%) compared to ergosine, ergonine, ergoptine,
and ergocornine.
Management practices as well as seasonal periods of growth influence total
concentration of ergovaline among tall fescue pastures. Alkaloid concentrations,
specifically, ergovaline, tend to increase from spring and fall months, but decline during
summer and winter months. The knowledge that ergovaline concentrations decline
during winter months have promoted the concept of stockpiling tall fescue. Management
practices impact ergovaline concentrations. Nitrogen fertilization increases ergovaline
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concentration compared to unfertilized plants. Lyons et al. (1986) reported increased
ergovaline concentrations among greenhouse-grown tall fescue plants fertilized with
supplemental N (0.5 vs 10 m M N pot-1). Similarly, Rottinghaus et al. (1991) observed
elevated ergovaline concentrations among tall fescue plants with increasing N
concentration varied throughout plant tissue. Leaf blade, stems, and seedheads increased
by 88, 103, and 66%, respectively. Leaf blade and sheath ergovaline concentrations are
reported to increase during drought periods (Belesky et al., 1989).
Animal Effects
Fescue toxicosis is a poisoning effect observed in animals consuming fescue with
increased concentrations of ergovaline. Toxins from the wild-type endophyte are
reported to cause reduced reproductive potential in both cattle and horses; however, cattle
show reduced ADG, sore feet (AKA fescue foot), sloughing of the hoof and tail, and
elevated body temperature as well (Ball et al., 2007; Schmidt et al., 1986). Read and
Camp (1986) compared the effects of a lesser and greater endophyte concentration in
forage grazed by cattle. They observed animals that grazed on the greater endophyte
concentrations exhibited fescue foot, rough coats, elevated body temperature and reduced
ADG compared with control animals. The ADG for cattle consuming forage with greater
endophyte concentration was 0.46 kg, compared to 0.97 kg for those consuming the
lesser concentration of endophyte.
Cow-calf operations rely on weaned calves for yearly income. Heifers and cows
grazed on E+ have poor conception rates compared to cattle grazed on E-. These animals
require multiple inseminations to achieve pregnancy, which elongates the herd calving
interval. Conception rates below 85% directly affect total calves weaned, negatively
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influencing operational income (White, 2015). Schmidt et al. (1986) compared the
effects of E- and E+ on grazing replacement heifer’s conception rate. Heifers placed on
the E+ pastures had a conception rate of 55%, while those on the E-, conceived at 96%.
Milk production in freshened cows is also limited when grazed on E+ (Danielson et al.,
1986). They concluded that a 10% increase in forage endophyte concentration decreased
milk production 15 kg hd-1 d-1. This loss of milk production influences calf weaning
weight and vigor, affecting production efficiency.
Fescue toxicosis in horses, can be especially severe during the last trimester of
pregnancy. Putnam et al. (1991) compared the effect of E+ and E- tall fescue on pregnant
mares, reporting that mares grazing E- pastures showed no signs of poor milk production,
dystocia, and poor vigor of foals, as noted with mares on the E+ tall fescue. However,
productivity improved when animals were moved to forage with limited endophyte
concentration.
Chemical Suppression
Seedheads hold the greatest concentration of toxic alkaloids. The upper canopy
containing seedheads is where the use of target specific herbicides may effectively
prevent fescue’s reproductive phase, thereby limiting an animal’s toxic alkaloid intake.
However, toxic alkaloids are systemic in the plant, ranking concentration from greatest to
less: seeds, stems, leaf sheaths, and leaf blades (Aiken et al., 2012; Rottinghaus et al.,
1991).
Aiken et al. (2012) measured ergovaline concentrations in E+ tall fescue pastures
treated with Chaparral® (86.8 g a.i. ha-1 aminopyralid and metsulfuron; Dow
AgroSciences LLC, Indianapolis, IN). Ergovaline concentrations were not significantly
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different between treated and non-treated samples. However, ergovaline concentration
was significantly greater in the reproductive tillers, than that of the leaf blades of both
treated and non-treated pastures.
Treating pastures with aminopyralid + metsulfuron has shown varying results.
Goff et al. (2012) found that tall fescue pastures treated with aminopyralid + metsulfuron
had less ergovaline; whereas, Aiken et al. (2012) observed no significant difference.
Tillers collected from treated plants in June 2011 had less ergovaline concentrations in
both the blade (0.01µg g-1) and sheath (0.04 µg g-1) compared to ergovaline in leaf blades
of concentrations in untreated pastures, but the treated sheathes had 0.10 ug g-1. The
ergovaline concentrations in reproductive tillers of untreated pastures were greater than
treated pastures.
Chemical application to suppress jointing increases forage nutritive indicators
such as crude protein and in vitro digestible dry matter (Goff et al., 2012). Forages in the
vegetative stage have reliably greater digestibility, resulting from increased soluble
carbohydrates, crude protein, and less lignin concentrations. Removal of the seedhead
before emergence (early boot stage), via clipping or suppression via chemical application,
allows for greater tall fescue nutritional quality. Tall fescue when chemically treated
with herbicides will not produce as many reproductive tillers as untreated tall fescue.
These tillers usually contain large amounts of recalcitrant fibers, which hinder digestion.
Robb et al. (1982) indicated that tall fescue chemically treated with Embark®,
(mefluidide; PBI Gordon Corporation, Kansas, MO) improved nutritive value. The study
compared the nutritional quality of tall fescue treated with mefluidide. Field application

14

at a rate of 0.28 kg ha-1 and harvested on July 14, 15, and Aug. 18, increased digestibility
and nutrient utilization by ruminant animals during summer months.
The range of potential herbicides for use to suppress jointing and the
corresponding effect on forage quality in tall fescue is relatively unknown. Previous
work utilizing mefluidide (3.2 % a.i.) and Milestone® (aminopyralid, 40.6 % a.i.) has
indicated the application of specific herbicides will produce greater quality forage in tall
fescue. Robb et al. (1982) reported that applying mefluidide increase forage quality and
crude protein in tall fescue; which was similar to results reported by Aiken et al. (2012).
However, using herbicides to limit seedhead emergence also affects total dry matter
yield. Reduction in yield potential will lead to a reduction in stocking rates, but
conversely, might improve forage utilization.
Roberts and Moore (1990) reported that as the rate of amidochlor (no longer
registered plant growth regulator) increased, yield of treated tall fescue decreased.
Similar results were observed in other studies. Sheaffer and Marten (1986) found dry
matter yields decrease after initial (spring) application of mefluidide relative to the
untreated control. A notable observation common to all studies discussed is that
regrowth was not affected. Although yield reduction was observed after the initial
treatment, yield of regrowth was not compromised, but jointing suppression was
maintained. The fact that yield is not affected in the regrowth gives more management
opportunities in the fall.
Objectives


To compare seedhead suppression methods using different herbicides on KY-31
tall fescue.
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To determine the effect of seedhead suppression on forage nutritive value and
yield.
Materials and Methods
This study was conducted on the Henry H. Leveck Animal Research Center

(South Farm) at Mississippi State University, Mississippi State, MS. The soil type is a
Marietta fine sandy loam (fine loamy, siliceous, active, thermic Typic Endoaquults). The
experimental design was a randomized complete block design with split-plot
arrangement, replicated three times, over two years. Soil pH, phosphorus and potassium
were maintained according to soil test taken in 2013 and 2014. Urea-ammonium sulfate
(33-0-0S) was applied at 56 kg ha-1 prior to the 2013 spring and fall growing season and
was replicated during 2014 growing season. Main plots were the forage composition (tall
fescue or tall fescue + white clover; ‘Regal Graze’) planted at 11.2 kg ha-1 and 2.2 kg ha-1
pure live seed (PLS), respectively, with an Almaco® cone precision planter (Almaco,
Nevada, IA) at a 17.9 cm row spacing. Subplots were herbicide application (mid-Apr.
and mid-May). Plots (1.8 × 3.3 m) were established in fall of 2011, meaning plots were
two years old before herbicide application. Ten herbicide treatments (Table 1.2) were
chosen because they are registered for pasture use, and have varying degrees of efficacy
in suppressing or controlling tall fescue. Treatments were applied to pure stand and
mixed stands (fescue + white clover) alike, using a 1.8-m boom with a CO2 pressurized
backpack sprayer (Table 1.2). Mowing was simulated by hand clipping seedheads that
had fully emerged. White clover was re-planted on 28 Oct. 2013 due to stand loss during
the summer.
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Fescue seedhead counts were obtained from two random areas in each plot using
a 0.09 m-2 quadrant prior to each harvest. Random tillers were collected from each subplot to measure ergovaline concentrations. Endophyte testing (Dr. Carol Young, Nobel
Foundation, Ardmore OK) on tillers collected indicated plants were infected, but the
endophyte was not viable, thus sampling was not repeated during the following (2014)
year. Botanical composition was rated visually for percentage composition of clover.
Immediately prior to harvest, normalized difference vegetative index (NDVI) was taken
using a Green Seeker (NTech Industries, Ukia, CA) to estimate plant health status and
potential herbicide injury. Canopy cover (CC) was determined using a LI-COR-2200
(Spectrum Technologies Lincoln, NE) to estimate ground cover by measuring light
interception of plots except for the first harvest due to machinery malfunction.

Plots

were harvested when control plots reached 90% fescue seedhead emergence (determined
by visual estimation). Harvest was accomplished using a Ferris® lawn mower equipped
with a bagging system to collect plot biomass. A 1.3-meter swath was removed from the
center of each plot at 7.6-cm stubble height. Subsamples were collected and oven dried
at 55°C for determining dry-matter yields. Samples were ground to pass through a 2-mm
mesh and saved for forage nutritive value analysis. Forage nutritive value was analyzed
near-infrared spectroscopy (NIRS) using a Foss-6500 (Foss, Eden Prairie, MN) and using
the Hay Equation developed by the Feed and Forage Testing Consortium (Hillsboro, WI).
Data was analyzed using the General Linear Model of SAS and means were separated by
the least significant difference (Fisher’s protected LSD) at α = 0.05. Year and
replications were considered random.
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Year 2013
April application of herbicides was conducted while the fescue was in the
vegetative state on 10 Apr. 2013. Field conditions in the afternoon were: Wind speed 8.0
kph and temperature of 31°C. Seedhead counts were taken on 27 Apr. 2013. Once
seedhead emergence reached 90 percent within control group, plots were harvested (5
May 2013). Prior to harvest, botanical composition, NDVI, CC, and heights were taken.
However, due to difficulties with the probe, CC data was unusable. Therefore, plots were
rated visually for putative herbicide damage 1 (minimal) to 5 (severe). Tiller samples (15
per plot) were collected for ergovaline determination. Samples evaluated by Carol
Young at Noble Foundation (Ardmore, OK) indicated endophyte was not viable in the
plant.
The May herbicide application, which was made at bootstage, was delayed until
17 June 2013 due to slow regrowth of plots. Wind speed was 14.4 kph and temperature
was noted at 30°C in the afternoon prior to application. Heavy rains followed late that
afternoon.
Fescue growth was limited, delaying harvest until 8 Aug. 2013. The harvest
height was adjusted to 10.1 cm to prevent stand damage during summer. Heights,
seedhead count, NDVI, botanical composition, and CC were taken on 7 Aug. 2013. Fall
harvest was conducted on 24 Oct. 2013 at 5.0-cm stubble height to allow the replanting
of white clover. Immediately prior to harvest, samples were taken for botanical
composition. Due to stand loss in treated and control plots, white clover was replanted
on 28 Oct. 2013; into main plots at 2.2 kg ha-1 PLS. All plots showed successful clover
germination after planting.
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Year 2014
Herbicide was applied to plots at fescue’s vegetative stage on, 1 Apr. 2014, wind
speed and temperature was recorded (9.6 kph and 23°C, respectively, in the afternoon).
Data collection of NDVI, CC, botanical composition, seedhead counts, and heights were
taken prior to harvest on 2 May 2014. The May application of herbicides was conducted
when fescue plots reached the boot stage (4 June 2014). Weather conditions were sunny
with a temperature 26°C, wind speed was approximately 11.2 kph. Harvest procedures
were modified similarly to the previous May application due to lack of growth of the tall
fescue plots, delaying harvest until 28 July 2014. The lack of seedhead of development
was noted again during May herbicide application. The NDVI, CC, botanical
composition, and heights were taken on 27 July 2014 (prior to harvest). A fall harvest
was not conducted due to lack of growth of tall fescue.
Results for Herbicide Application
Seedhead Suppression
Ten herbicides were applied to a mixed sward of white clover and KY-31, or KY31 tall fescue alone (Table 1.2). Herbicides were chosen because they were labeled for
pasture use. Applications of these herbicides were made to determine if they would limit
or eliminate fescue seedhead (SH) development. Addition of white clover to a tall fescue
sward had no effect on seedhead suppression during Apr. herbicide application (P = 0.96)
in 2013, thus fescue monoculture and mixture of fescue and white clover treatment
observations were pooled (Appendix Table A.1). Herbicide type affected seedhead
development of fescue in KY-31 (P = 0.0007; Figure 1.3). The 2013 application of all
herbicides effectively suppressed seedheads relative to the control, with the exception of
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aminopyralid + metsulfuron and aminocyclopyrachlor (Figure 1.3). The co-efficient
variation (CV); depicts how variable observations are from the mean. Co-efficient
variation responses were great (70.7) indicating in relatively high standard deviation
among responses across blocks. The co-efficient of determination or regression (r2);
indicates how well the data applies to the statistical linear model, indicating the linear
relationship between suppression of seedheads counted and those actually suppressed in
the tall fescue plots was relatively poor (0.53; data not shown). The May 2013 herbicide
application resulted in complete seedhead suppression in tall fescue across all treatments
(data not shown). The Apr. 2014 application of herbicide treatments successfully
suppressed seedheads compared to the control, with imazapic, glyphosate + 2,4-D, and
clethodim resulting in better suppression than all otherherbicide treatments, except
glyphosate alone (Figure 1.3; Appendix Table A.2). Herbicide application during May
2014 had similar experienced results, in which, no seedheads were produced by KY-31
tall fescue (data not shown).
All herbicides suppressed seedheads in 2014 (Figure 1.3). Aminopryralid +
metsulfuron and aminocyclopyrachlor suppressed seedhead emergence during 2014, but
not 2013, unlike reports from Geoff et al. (2012), in which, aminopyralid + metsulfuron
decreased seedhead emergence with a first application. The difference observed in this
study could be attributed to two more applications of herbicide by this author to tall
fescue plots in 2014 resulting in amplified effects on seedhead emergence. Weather
conditions (Figure 1.1; Figure 1.2) could have aided the tall fescue’s ability to overcome
the herbicide applications, or otherwise lessening the effectiveness of herbicides in 2013.
Temperatures were favorable for tall fescue growth during this period of 2013. However,
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Jan. and Feb. of 2014 were cooler compared to 2013, but warmer in May. Temperature
and sporadic differences in 2014 precipitation during Jan., Mar., and May could have
negatively affected tall fescue growth (water deficit), which is exacerbated in the sandy
loam soil type of this study. Although, a better estimate of herbicide treatment effect on
tall fescue might have been possible if alleyways separating split-plots (timing) were
present, making clear separations visible.
Biomass Collection
Biomass was collected to determine the effect of herbicides and herbicide
combinations on yield of tall fescue (KY-31) with white clover (Regal Graze) or alone.
This measurement was expected to help determine potential negative effects on tall
fescue as determined by differences in yield when suppressing seedheads by chemical
means. The 2013 yield analyses (Appendix Table A.3) showed a strong linear correlation
(r2 = 0.82) and low co-efficient of variation (CV = 29.8). Yield was affected by an
interaction between harvest × herbicide (P = 0.0048), but was not by botanical
composition, therefore data from fescue monocultures and clover/mixtures were pooled.
Herbicide treatment did not affect yield of the 7 May, 2013 harvest relative to the nontreated (P = 0.68; r2 = 0.91; CV = 37.4; data not shown). Yield taken 7 Aug. 2013, was
affected by herbicide treatment harvest, but no effect was observed from inclusion of
white clover; thus, tall fescue monoculture and fescue-clover mixture observations were
pooled (P < 0.0001; r2 = 0.57; CV = 25.9; Figure 1.4).
During the 2013 growing season, application of clethodim, glyphosate, and
imazapic significantly reduced biomass yield compared to the control (4,853; 4,696;
1,388 kg ha-1, respectively, vs 6,937; Figure 1.4). The 24 Oct. 2013 harvest showed no
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yield difference among herbicides treatments (P = 0.06; data not shown), nor was there
any effect white clover (P = 0.5). The linear relationship and co-efficient variation was
low (r2 = 0.34; CV = 20.6).
The statistical analysis for 2014 (r2 = 0.54; CV = 27.6; Appendix Table A.4),
indicated interactions between herbicide type and harvest date (P = 0.02) and application
date (Apr. or May) × harvest date (P < 0.0001), as well as application date × fescue with
and without white clover (P = 0.04). In 2014, yield was adversely affected by application
of herbicides (P < 0.0001) on the 2 May 2014 harvest (Figure 1.5). All herbicides
reduced total plot yield compared to the control, with the exception of
aminocyclopyrachlor, imazethapry, and aminopyralid + metsulfuron (10,164 vs 10,087,
9,000, 8,941 kg ha-1, respectively) herbicide treatments.
The May 2014 herbicide applications did not decrease yield; as observed in the
Apr. 2014 treatment (8,845.2 vs 7,473.8 kg ha-1; Figure 1.6). However, the May
treatment showed decreased yield for tall fescue with white clover (P = 0.02) compared
to tall fescue alone (8,181 vs 9,522 kg ha-1; Figure 1.7). The second harvest, taken on 28
July 2014 exhibited an interaction effect due to herbicide type (P = 0.0002) and
application date (r2 = 0.62; CV = 23.1). The Apr. 2014 application showed no
differences between herbicides used in this study (P = 0.11; data not shown). However,
in May 2014 the application of herbicides showed decreased yields (P > 0.0001; Figure
1.8) of tall fescue in plots treated with imazethapry + 2,4-D, glyphosate, and clethodim
compared to the control (4,480, 4,199, 3,809 vs 6,499 kg ha-1, respectively). Imazapic as
seen previously reduced tall fescue yield compared to all other herbicide treatments.
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Yield was not affected by herbicide application during Apr. of the May and Oct.
harvest of 2013, but more importantly, no difference in yield due to application timing
was detected. However, yield was affected by herbicide application during the Aug.
harvest (Figure 1.5) of 2013. Negative impacts on yield was observed with applications
of glyphosate, imazapic, and clethodim, compared to the control. These results were
expected, even at reduced rates, since these herbicides are typically used for removal or
eradication of grasses. Again, temperature and precipitation could have affected yield
responses from herbicides applied for the May and Oct. harvest explaining why
differences were not detected.
Differences observed during the 2014 growing season could be attributed to
applications being made to the same plots during a second growing season, thus
amplifying herbicide effects on biomass production (Figure 1.5; Figure1.6; Figure 1.8).
The noted difference in herbicide application timing was observed directly after
application; thus, 2 May 2014 harvest was affected more by Apr. application compared to
the May application (Figure 1.6). The effects of May herbicide application on tall fescue
monoculture and tall fescue inter-seeded with clover (Figure 1.7) could be attributed to
herbicides being applied when clover growth was starting to accelerate. The 28 July
harvest (Figure 1.8) displayed differences for May application, which was applied in
June, but no effects were noted for the Apr. application in 2014. These results suggest
tall fescue growth was favorable enough for recovery from herbicide application and thus
preventing the detection of differences. Although, during both harvest months (May and
July) precipitation was deficit compared to the 30-yr mean, when applications were made
(Apr. and June) months rainfall was sufficient for plant growth. Biomass collection for
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yield determination may have been more precise if certified scales had been used. This
could have provided a more accurate and precise measurement, which could have
reduced the CV in the analysis.
Normalized Difference Vegetative Index
Normalized difference vegetative index (NDVI) is used to determine the density
of green leaves over a given area of land. It is calculated as a ratio of visible light
absorbed by vegetation and near infrared light reflected from vegetation back to the
sensor. Healthy vegetation has greater NDVI values than unhealthy or sparse vegetation;
thus, ratings at harvest, but after herbicide application would be expected to show any
damaging effects from the herbicide.
In 2013 interactions for herbicide × fescue with or without white clover (P = 0.01)
and herbicide × application timing were observed (P = 0.007; r2 = 0.49; CV = 19.3;
Appendix Table A.5). Monocultures of tall fescue had different NDVI measurements
with respect to herbicide treatment (Figure 1.9, blue bars). Metsulfuron + chlorsulfuron
plot values were greater than the control, which would seem to indicate healthier (or at
least greener) growth (0.83 vs 0.68). Imazapic-treated plots were less than the control
(0.49 vs 0.68), indicating damaged tissue. All other herbicide treatments were no
different from the control. Metsulfuron + chlorsulfuron applied to the monoculture
seemed to be beneficial to tall fescue, but the same effect was not observed in the
mixture. In the fescue/clover mixture for 2013 (Figure 1.9, red bars) application
glyphosate + 2,4-D had a greater NDVI value compared to the control (0.82 vs 0.64).
Imazapic applied to the crop mixture caused an NDVI reading to be less than the control
(0.48 vs 0.64). Again, other than imazapic treatment, no other herbicide treatment caused
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damage as measured by NDVI. Glyphosate + 2,4-D would have seemed to increase
photosynthetic activity as measured by the NDVI compared to the control. Application
timing of herbicide treatments effected NDVI readings, resulting in differences among
treatments. April application of herbicides showed no effects as reported by NDVI
values for tall fescue when compared to the control (data not shown). However, May
application of glyphosate + 2,4-D resulted in greater NDVI readings compared to the
control (0.78 vs 0.62; Figure 1.10), whereas the imazapic treatment was significantly less
than all other treatments, indicating the application of imazapic in May 2013 caused
significantly greater herbicide damage to tall fescue compared to the April 2013
application.
The 2014 year analysis showed interactions with harvest × timing (Figure 1.11),
harvest × tall fescue with white clover or alone (Figure 1.12), and harvest × herbicide
type (r2 = 0.78; CV = 7.70; Figure 1.11; Figure 1.12; Figure 1.13; Appendix Table A.6).
Plant harvest conducted on 2 May 2014 showed greater NDVI readings for Apr.
applications (P < 0.0001) compared to May (0.80 vs 0.76; r2 = 0.81; CV = 4.9; Figure
1.11). The Apr. application showed herbicide effects (P < 0.0001; Figure 1.12), as
measured by NDVI for imazethapry and glyphosate + 2,4-D, imazapic and clethodim.
These herbicide treatments showed significantly lesser NDVI readings compared to the
control; indicating, the application of these four herbicide in Apr. resulted in damaged
vegetation. May application of herbicides to fescue showed no differences as measured
by NDVI among treatments or botanical composition (P = 0.36; data not shown).
The second harvest of 2014, collected on 28 July showed interactions between
herbicide × tall fescue with white clover and alone (P = 0.04; r2 = 0.66; CV = 7.2;
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Appendix Table A.6). Tall fescue monoculture treated (Figure 1.13, blue bars) with
clethodim and glyphosate + 2-4, D had greater NDVI values compared to the control, but
when imazapic was applied, resulted in NDVI values that were less than the control
(0.64, 0.64 vs 0.59 vs 0.53; P < 0.0001; r2 = 0.71; CV = 7.1). However, the fescue and
white clover mixture did not display the same results from herbicide application (r2 =
0.66; CV = 6.9; Figure 1.13, red bars). In the mixture, for 28 July 2014 harvest
glyphosate, metsulfuron + chlorsulfuron, aminocyclopyrachlor, and imazapic caused
NDVI values to be less than the control (0.65, 0.64, 0.62, 0.56 vs 0.70, respectively),
suggesting herbicide damage to the tall fescue/clover mixture.
Putative herbicide damage was rated by NDVI, to detect differences between the
tall fescue monoculture or inter-seeded with white clover when herbicide treatments were
applied (Figure 1.9). Interestingly, the spring and fall harvest were relatively unaffected
by herbicide application, NDVI values were greater than the control. The NDVI value
for metsulfuron + chlorsulfuron was greater than the control in the tall fescue
monoculture, but glyphosate + 2,4-D caused a greater value for the tall fescue white
clover mixture, suggesting plants were healthier or otherwise recovering from the
herbicide application because of the greater “green” value measured by the NDVI senor.
Similarly, differences in NDVI values after the Apr. 2013 herbicide applications were
absent, however, May 2013 application showed differences between herbicide treatments.
The application of glyphosate + 2,4-D had a greater NDVI (more green) value than the
control for the May 2013 application (Figure 1.10). These data suggest the herbicide
applications stress tall fescue plots enough to illicit a regeneration response, but not
enough to cause necrotic tissue, which was observed with imazapic. The 2014 data
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showed differences due to application timing (Figure 1.11; between Apr. and May). Such
results could suggest there were carry-over effects of the herbicide from the previous
year’s applications to the tall fescue plots treated in May. However, some of these
measured effects could have been measured more precisely if a standard time period after
application was adhered to.
Canopy Cover
Canopy closure (CC) determines canopy density by assessing leaf area index, i.e.
measuring the amount of visible light passing through the plant canopy compared to the
light above the leaf canopy. Therefore, CC will provide an estimation of herbicide
damage to tall fescue and tall fescue with white clover, resulting in a decrease in canopy
density and ground cover. The 7 May 2013 harvest was rated visually for herbicide
damage due to a malfunction of equipment.
Interaction effects were noted for herbicide type × harvest, and harvest ×
application timing for the 2013 year (P < 0.0001, P < 0.0001, respectively; r2 = 0.94; CV
= 23.6; Appendix Table A.7). Visual assessment taken immediately prior to harvest (7
May 2013) indicated greater herbicide damage for herbicide applications made on Apr.
2013 compared to May 2013 (1.06 vs 0.03 %; r2 = 0.74; CV = 120.5). Plots receiving the
clethodim application (Figure 1.14) showed the greatest damage visually, compared to all
other herbicides (P < 0.0001). Additionally, glyphosate, metsulfuron + chlorsulfuron,
and imazapic treatments had greater damage ratings as compared to the control (83, 68,
53 vs 0 %, respectively). Repair of the leaf area meter allowed objective measures of CC
in subsequent assessments. The 8 Aug. 2013 harvest showed differences among
herbicide treatments (r2 = 0.55; CV = 13.8; Figure 1.15). Aminocyclopyrachlor
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application to fescue had greater CC values compared to the control (6.7 vs 5.9 m2 m-2).
However, glyphosate and imazapic showed significant loss of CC compared to the
control (5.2, 4.3 vs 5.9 m2 m-2; Figure 1.15). These data indicate herbicides previously
applied to the plots affected CC after application. Imazapic and glyphosate application
decreased CC compared to the control over time, thus having an extended negative
residual effect on tall fescue.
The 2 May 2014 harvest showed an interaction with herbicide × application
timing (P < 0.0006), and a significant source of variation was noted for botanical
composition (P = 0.04; r2 = 0.67; CV = 16.6; Appendix Table A.8). April 2014
herbicides applied to tall fescue displayed greater CC readings compared to May 2014
application (5.7 vs 4.5 m2 m-2; Figure 1.16). After April herbicide applications,
clethodim, imazapic, and glyphosate had the least amount of CC compared to the control
(2.94, 3.54, 3.63 vs 5.50 m2 m-2, respectively; P = 0.0001; r2 = 0.63; CV = 21.2).
However, all other herbicide treatments did not significantly affect CC for tall fescue at
this application date. The May 2014 application of herbicides did not significantly
influence CC (data not shown; P = 0.09; r2 = 0.60; CV = 13). Lack of difference could be
due to rising temperature inducing dormancy in tall fescue resulting in loss of herbicide
effectiveness. The inclusion of white clover with tall fescue significantly augmented CC.
Mixtures of fescue and white clover had greater CC readings compared to monocultures
of tall fescue (5.3 vs 5.0 m2 m-2). The inclusion of white clover decreased herbicide
effect on tall fescue with respect to CC due to target specific nature of herbicides used.
The 28 July 2014 harvest showed an interaction between, application timing ×
herbicide and a single source of variation due to tall fescue with white clover and alone
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(P = 0.0031, P < 0.0001; r2 = 0.59; CV = 18.3; Appendix Table A.8). Results were
similar to the 2 May 2014 harvest, in which, tall fescue with white clover showed greater
CC compared to tall fescue alone (3.3 vs 3.0 m2 m-2; Figure 1.17). April 2014 herbicide
application did not affect tall fescue CC (P = 0.24; r2 = 0.44; CV = 17.8). The May 2014
application of herbicides significantly affected CC for tall fescue (P < 0.0001; r2 = 0.64;
CV = 18.2). Imazapic reduced CC the greatest compared to all other herbicides (Figure
1.18); while glyphosate and clethodim effects were less than the control (2.51, 2.44 vs
3.31 m2 m-2, respectively). The aforementioned 2014 results, were similar to the previous
year (2013) with CC readings negatively affected by clethodim, imazapic, and glyphosate
compared to the control (Figure 1.14; Figure 1.15). Degree of damage could be
associated from repeated application of these herbicides over the two years of this study.
Canopy cover was affected by glyphosate, clethodim and imazapic for both years,
despite timing of applications (Figure 1.14; Figure 1.16; Figure 1.18). Although
herbicide effectiveness was dependent on timing, as expected, when applied close to
harvest CC injury differences were detectable. The inclusion of white clover with tall
fescue seemed to ameliorate herbicide injury to plots as a whole (Figure 1.17) compared
to the tall fescue monoculture. Climatic conditions could have introduced variation
within the study, eliciting stronger responses from clethodim (Figure 1.14) and
aminocyclopyrachlor (Figure 1.15) during the 2013 study year. Precipitation was
plentiful prior to the Apr. 2013 application, but in a deficit state existed prior to the May
2013 application and Aug. harvest. Furthermore, the increased CC shown by the
aminocyclopyrachlor application and decreased CC by the clethodim application
compared to the control was clearly due to injury of tall fescue. Regeneration of new
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growth occurred due to favorable water and temperature conditions. Differences at the
first application may have been detected among treated tall fescue plots if the leaf area
meter was working properly. Ratings occurred as close to physiologic growth changes as
possible. Perhaps, differences could have better detected if measurements had been taken
a fixed number of days after application and not dependent on harvest times.
Clover Response to Herbicide Application
Counts of clover number using the archaeological provenience drawing square
provided an estimation of percentage clover within tall fescue mixed plots to estimate
effect from herbicides and herbicide combination on clover persistence. Analysis of
2013 year data indicated interactions among application timing × harvest (P < 0.0001)
and significant source of variation due to herbicides (P < 0.0001; r2 = 0.83; CV = 69.6;
Figure 1.19; Appendix Table A.9). Clover counts conducted on 7 May 2013, showed
Apr. 2013 application of herbicide to these plots did not negatively affect density of
white clover, compared to May 2013 herbicide application (5 vs 0 m-2; P< 0.0001; Figure
1.19). However, clover counts 8 Aug. 2013 showed the opposite effect. We suspect this
difference (5.1 vs 2.0 clover m-2; Figure 1.19) may be attributed to length of time
between applications. Lastly, the 24 Oct. 2013 harvest showed application timing did not
significant affect white clover density by the fall (P = 0.93; Figure 1.19). Herbicides, as a
whole, had a significant effect on clover numbers in 2013 within KY-31 (Figure 1.20).
Aminocyclopyrachlor, metsulfuron + chlorsulfuron, and imazapic reduced clover
populations compared to the control (3.5, 3.6, 4.5 vs 6.6 clover m-2, respectively; Figure
1.20). However, application timing was not specific to herbicide effect on clover
populations in KY-31 mixed plots; indicating timing of herbicide application was not
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critical. There was a loss of clover overall for the 2013 year, resulting in the necessity to
re-plant for 2014.
The 2014 year herbicide effect on white clover and tall fescue analysis showed
significant sources of variation due to harvest, herbicide, and application timing (P =
0.01, P < 0.0001, P = 0.0065, respectively; r2 = 0.88; CV = 44.6; Appendix Table A.10).
The 2 May 2014 data indicated in an increased clover density compared to that of 28 Jul
of 2014 harvest (9.5 vs 8.2 clover m-2: data not shown). Application of imazapic and
aminopyralid + metsulfuron decreased plot percentage of clover compared to the control
(8.0, 7.1 vs 11.4 clover m-2, respectively; data not shown). Furthermore, metsulfuron +
chlorsulfuron and aminocyclopyrachlor further negatively affected clover population
compared to all other herbicides and the control. May 2014 herbicide application
resulted in greater clover density compared to Apr. 2014 application (9.5 vs 8.1 clover m2

; data not shown).
Clover populations decreased over time during 2013 growing season. Thus, they

were replanted on 28 Oct. of 2013. Application timing differences noted across harvests
(Figure 1.19) could be attributed to the decreasing presence of the white clover
population within tall fescue plots. The trend was seen again in 2014. The May 2014
application showed increased white clover populations in tall fescue mixed plots
compared to the 2014 April application, with white clover re-established in the fall of the
previous season. The application of aminocyclopyrachlor, metsulfuron + chlorsulfuron,
and imazapic decreased clover presence in tall fescue plots compared to the control
(Figure 1.20) during 2013 and again, in 2014. However, metsulfuron + chlorsulfuron
decreased white clover populations of white clover compared to the control only in 2014.
31

Suggesting the clover populations were affected differentially by herbicide application.
Negative effects observed from applications of metsulfuron + chlorsulfuron and
aminocyclopyrachlor was expected because these herbicides are effective against
broadleaf species. Effects seen from imazapic were also negative. Although labeled for
post emergence application to numerous legumes, there was slight negative effect on
clover populations (Table 1.2; Figure 1.20). Successful clover stand re-establishment
during fall 2013 indicated successful planting might be achievable despite herbicide
applications (such as metsulfuron + chlorsulfuron). Climatic conditions of 2013
(increased precipitation) could have affected growth/herbicide efficacy. Precipitation
records showed a wet spring, compared to the 30-yr mean from Jan. until May. This
coupled with tall fescue’s competitiveness and plot location being near a creek bottom,
could have positively affected the white clover populations keeping them greater
proportions (Figure 1.2).

White clovers growth habit with creeping stolons could have

been affected by overspray and diffusion increased from the wet soil conditions to roots.
Forage Nutritive Value – Neutral Detergent Fiber
The near-infrared spectroscopy measures infrared light reflectance from a
compound within a given ground sample. This information is converted to a forage
nutritive value with an equation. Our goal was to measure the impact of applying
herbicides and herbicide combinations to tall fescue variety, KY-31.
Neutral detergent fiber (NDF) stemming from the Van Soest method, is an
analysis of cell wall contents within forage samples. Grab samples obtained during the
three harvest of 2013 showed interactions among harvest × herbicide (P < 0.0001) and
harvest × application timing (P < 0.0001) as well as herbicide × application timing (P =
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0.0078; r2 = 0.99; CV = 4.0; Appendix Table A.11). Grab samples collected 7 May 2013
(Figure 1.21) indicate varying effect from herbicides (P < 0.0001; r2 = 0.99; CV = 7.9).
Control plots had elevated NDF content compared to imazapic and clethodim (63.5 vs
51.9; 52.8 %).
Grab samples taken on 8 Aug. 2013 (Figure 1.22) showed differences between
herbicides (P < 0.0001) and application timing (P = 0.0001; r2 = 0.53; CV = 2.1).
Aminocyclopyrachlor was greater compared to the control and all other herbicide
treatments with respect to NDF content. While, clethodim and imazapic application
produced forage samples with lower NDF content compared to the control (63.3, 64.3 vs
65.5 %, respectively; Figure 1.22). Herbicides applied in May 2013 resulted in reduced
NDF compared to Apr. 2013 (65.6 vs 64 %; data not shown).
The 24 Oct. 2013 grab samples analyses (Figure 1.23) showed herbicide
differences for NDF as measured by near infrared. Tall fescue plots treated with
clethodim showed greater NDF concentrations compared to the control (61.3 vs 59.2 %;).
Glyphosate + 2,4-D was the only herbicide treatment to display a lesser concentration of
NDF as compared to the control (57.5 vs 59.2 %).
Application timing of herbicides affected tall fescue NDF concentrations
(Appendix Table A.11). Herbicides applied during Apr. 2013 (Figure 1.24) showed
differences during analysis of NDF for tall fescue (P < 0.0001). Plots receiving
imazethapry + 2,4-D and imazethapry alone, glyphosate, clethodim, and glyphosate +
2,4-D showed lower NDF concentrations compared to the control plot (61.4, 61.3, 60.6,
60.2, 59.9 vs 62.9 %, respectively). Plots receiving imazapic were the lowest (57.0 vs
62.9 %). Similarly, imazapic applied to plots in May 2013 (Figure 1.24) showed less
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NDF concentration compared to the control and was the only herbicide to do so (P =
0.0003; r2 = 0.99; CV = 3.0).
The 2014 year NDF analysis showed interactions similar to 2013, interactions
included harvest × herbicide, harvest × application timing, and herbicide × application
timing were noted to be significant (P < 0.01, P = < 0.0001, P = 0.001, respectively). A
single source of variation was shown by tall fescue with white clover and alone affecting
overall NDF concentration (P = 0.01; r2 = 0.60; CV = 4.9; Appendix Table A.12).
Grab samples taken 2 May 2014 (Figure 1.25) showed differences due to
herbicide applications (P < 0.0001; r2 = 0.72; CV = 5.2). Imazethapry + 2,4-D,
glyphosate, imazapic, clethodim, and glyphosate + 2,4-D reduced NDF fraction of fescue
samples compared to the control (58.6, 57.0, 55.8, 55.7, 55.2 vs 61.3 %, respectively).
Herbicides in applied in Apr. 2014 (P < 0.0001; data not shown) decreased NDF
concentration compared to May application (56.6 vs 60.8 %).
The 28 July 2014 grab sample analysis showed no difference (P = 0.3) among
herbicides, however, application timing (P = 0.02) was different with respect to NDF
content (r2 = 0.33; CV = 3.2). April 2014 herbicide applications generally increased NDF
concentrations, but applying herbicides in May 2014 decreased NDF (62.8 vs 61.9 %).
Overall effects of Apr. 2014 herbicide application (Figure 1.26) showed in differences
between herbicides (P < 0.0001; r2 = 0.82; CV = 4.2). Again, glyphosate, clethodim,
glyphosate + 2,4-D and imazapic decreased NDF concentration of fescue compared to the
control plots (57.8, 57.2, 56.4, 56.3 vs 61.7 %, respectively); indicating, applications of
clethodim and imazapic inhibited tall fescue growth. Similarly, repeated applications of
glyphosate effected tall fescue over two-year period of this study. May application of
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herbicides during 2014 showed no differences (data not shown) which could be attributed
to second year of application having a compound effect (P = 0.9; r2 = 0.35; CV = 4.4).
That, coupled with tall fescue’s approach to its dormancy period may have enhanced the
glyphosate effect. The overall 2014-year analysis showed KY-31with white clover
samples had decreased NDF content compared to tall fescue alone (60.1 vs 61.0 %).
Applications of imazapic and clethodim consistently inhibited tall fescue growth
compared to the control despite different harvest durations in 2013 (Figure 1.21; Figure
1.22; Figure 1.23). Except for the Oct. 2013 harvest, clethodim treated tall fescue’s NDF
was greater compared to the control. We suspect this was caused by increasing weed
pressure (Figure 1.23). The timing of herbicide application only affected tall fescue NDF
fractions when harvested a month after application. The Aug. 2013 showed the May
application reduced NDF compared to the Apr. 2013 application, which could be due to
the recovery time for Apr. applied plots gained that May plots did not. The herbicide
applications made in May and corresponding damage reflected in changes in NDF, could
suggest the stunting of tall fescue stems resulting in the cessation of seedhead
development as well (Figure 1.24). May values are considerably lower than Apr.applied herbicide NDF values. In 2014, the trend in NDF continued for application
timing. Harvest was correlated to herbicide timing. Neutral detergent fiber values were
lower, as days from herbicide application were reduced. However, the overall effect of
herbicides seemed to be less during the 2014 growing season during the May application,
indicating compounding effects from herbicide applications over two years when applied
during a critical stage of development for tall fescue (prior to dormancy). Perhaps if
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herbicide timing was moved to an earlier application (such as Feb.) differences could
have been more easily detected.
Forage Nutritive Value – Acid Detergent Fiber
Acid detergent fiber (ADF) stemming from the Van Soest method, is an analysis
of structural components (cellulose and lignin) within forage samples, and is used to
estimate digestibility. Analysis of grab samples during 2013 showed interactions harvest
× herbicides type (P = 0.0002) and harvest × application timing (P = <0.0001) for ADF as
measured by near infrared spectroscopy (r2 = 0.99; CV = 4.8; Appendix Table A.13).
However, there were small and non-significant differences (P=0.7) in ADF between April
and May 2013 treatment applications (data is not shown).
Grab samples taken 7 May 2013 (Figure 1.27) showed differences due to
herbicide treatments (r2 = 0.99; CV = 8.7). Imazethapry + 2,4-D, glyphosate + 2,4-D and
glyphosate alone, clethodim, and imazapic applied to plots showed lower ADF values
compared to the control (34.1, 33.4, 33.2, 31.8, 31.1 vs 36.7 %, respectively). Such
fescue ADF values compared to the control indicate lesser lignin and cellulose
development in tall fescue plots suggesting progress toward plant maturation was limited.
The 8 Aug. 2013 grab samples (Figure 1.28) showed differences between
herbicides (P < 0.0001; r2 = 0.49; CV = 3.0). Aminocyclopyrachlor application increased
ADF content compared to the control (38.0 vs 36.7). Imazapic and glyphosate when
applied to tall fescue decreased ADF compared to the control plots (35.1, 35.7 vs 36.7 %,
respectively; Figure 1.28).
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Analysis of samples from 24 Oct. 2013 grab samples (Figure 1.29) showed
increased ADF concentration for tall fescue plots treated with clethodim compared to all
other herbicides treatments and control (P < 0.0001; r2 = 0.45; CV = 3.8).
The 2014 overall analysis for ADF resulted in interactions similar to 2013 (r2 =
0.62; CV = 3.9; Appendix Table A.14). There were interactions with harvest × herbicide,
harvest × application timing, and herbicide × application timing (P = 0.0001, P < 0.0001,
P = 0.007, respectively).
The 2 May 2014 sampling (Figure 1.30) showed differences for ADF
concentration among herbicides treatments (P < 0.0001) and application timing (P <
0.0001; r2 = 0.63; CV = 4.6). Imazethapry + 2,4-D, clethodim, glyphosate, imazapic, and
glyphosate + 2,4-D applications reduced ADF compared to the control (35.1, 34.3, 34.2,
34.2, 33.3 vs 36.7 %, respectively). Applications in May 2014 increased ADF content
compared to those in Apr. 2014 (36.1 vs 34.3 %; data not shown).
The analysis for 28 July 2014 harvest (data not shown) indicated neither
herbicides treatments nor timing of application affected ADF value within tall fescue
plots (P = 0.35; P = 0.08; r2 = 0.32; CV = 2.6). These results could be attributed to the
repeated application of herbicides to tall fescue over two years having a cumulative
effect.
The overall 2014 Apr. application (Figure 1.31) of herbicides were similar to the
previous year (P < 0.0001; r2 = 0.78; CV = 3.7). Clethodim, glyphosate, glyphosate +
2,4-D, and imazapic decreased ADF concentration compared to the control (35.4, 35.1,
34.6, 34.6 vs 36.9 %, respectively). However, May 2014 application (data not shown)
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showed no difference between herbicides with respect to ADF concentration (P = 0.07; r2
= 0.39; CV = 3.8).
Similar to NDF data analysis, clethodim and imazapic affected tall fescue plots
despite application timing or harvest during the 2013 growing season (Figure 1.27 1.31). These data indicate clethodim, and imazapic caused damage that was severe in tall
fescue plots. The other herbicides in this study only affected ADF concentrations of tall
fescue when applied in spring, suggesting effects were limited. With the exception of the
Oct. 2013 harvest, clethodim increased ADF (Figure 1.29) compared to the control,
which can be attributed to heavy damage to tall fescue allowing for the encroachment of
various summer weeds. Timing of application was significant, but in a practical sense, it
was only 0.7 % difference. The results of the 2014 growing season were similar to 2013.
However, applications made in May had little effect on tall fescue, which could suggest
application timing made in June was too late, due to tall fescue dormancy.
Climatological data indicated temperatures approached 26°C; considered the threshold of
dormancy (Figure 1.1). The use of the NIRS machine for sample analysis is useful, due
to the non-destructive nature of the methodology. However, equations for NIRS were
developed primarily from cool-season grass analysis and are correlated to (not an exact
replication of) Van Soest chemistry. Some samples might have been outside of the
normal distribution of the equation giving altered values. Inclusion of weed material in
the sample may have also skewed the data.
Forage Nutritive Value – Crude Protein
Crude Protein as assessed by the Kjeldahl method is an analysis of total nitrogen
within forage samples and converted to a protein equivalent. Crude protein (CP) analysis
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for 2013 showed interactions for herbicide × harvest (P = 0.001), application timing ×
harvest (P < 0.0001), and species composition (tall fescue with white clover or alone) ×
harvest (P = 0.03; r2 = 0.96; CV = 9.2; Appendix Table A.15).
Grab samples taken 7 May 2013 (data not shown) showed herbicide application,
timing, and tall fescue with white clover or alone did not affect CP content (P = 0.7, P =
0.7, respectively; r2 = 0.97; CV = 17.0). Indicating initial herbicide application at the
vegetative-stage had no effect.
The sampling 8 Aug. 2013 (Figure 1.32) showed differences between herbicide,
application timing, and tall fescue with white clover or alone for CP content (P =
<0.0001, P = <0.0001, P = 0.002; r2 = 0.64; CV = 8.0). Kentucky-31tall fescue plots
treated with imazapic, imazethapry, glyphosate + 2,4-D and glyphosate alone, clethodim
and imazethapry + 2,4-D showed increased concentration of CP (P < 0.0001) compared
to the control (13.8, 13.6, 13.5, 13.5, 13.1, 13.0 vs 12.0 %, respectively). The Apr. 2013
application (P < 0.0001; data not shown) showed lower mean CP concentration compared
to the May 2013 application (13.5 vs 12.3 %). Tall fescue containing white clover
showed increased CP content (P = 0.003) compared to monocultures (13.2 vs 12.6 %).
Crude protein concentrations from 24 Oct. 2013 sampling (Figure 1.33) were not
similar to the previous sampling (8 Aug. 2013) with respect to herbicide application (P <
0.0001; r2 = 0.48; CV = 6.4). The application of imazapic to tall fescue plots showed
increased CP compared to the control; while clethodim and aminopyralid + metsulfuron
decreased CP content compared to the control (13.5, 13.4 vs 14.3 %, respectively).
Similarly, applying herbicides in Apr. (2013; data not shown) decreased CP
concentrations (P = 0.03) compared to a May 2013 application (14.0 vs 14.4 %).
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The 2014 statistical analysis (Appendix Table A.16) indicated an application
timing × harvest interaction (P = 0.02), and single sources of variation were noted for
herbicide (P = 0.04) and tall fescue with white clover or alone (P = 0.0005; r2 = 0.32; CV
= 10.6; Appendix Table A.16).
Samples taken 2 May 2014 showed no difference due to timing of herbicide
application. However, samples taken from the second sampling date (28 July 2014)
indicated a decreased CP concentration (P = 0.04) when herbicides were applied in Apr.
2014 compared to the May application (10.7 vs 11.2 %; data not shown; r2 = 0.35; CV =
12.4).
Since, there were no interactions with harvest, results were pooled for herbicide
and species composition (tall fescue with white clover or alone) during 2014 year (Figure
1.34). Kentucky-31 plots (without white clover) treated with glyphosate + 2,4-D showed
increased CP compared to the control. Kentucky-31 plots containing white clover had
greater mean CP, compared to, the tall fescue monocultures (11.5 vs 11.0 %) for 2014.
Indicating the inclusion of white clover, as suspected, would increase CP concentration in
the total forage sample.
Crude protein was affected by imazapic and clethodim consistently during 2013
growing year when applied (Figure 1.32, Figure 1.33) except for the 7 May harvest in
which no differences due to herbicide was detected. These findings indicate tall fescue
plots were actively growing and able to recover from the herbicide application.
Applications for the May treatment increased CP within tall fescue plots for each harvest,
except the harvest on 7 May 2013. On this date, no differences were seen, which could
result from the tall fescue plots remaining in the vegetative stage of development longer.
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This would also explain why there were no differences detected between tall fescue
monoculture and plots with white clover for CP on the 7 May harvest. Clover inclusion
with fescue boosted CP content of plots during the Aug. harvest. However, there were no
differences noted between tall fescue with white clover and monoculture plots for the
Oct. 2013 harvest. The likely cause is due to stand losses of white clover during summer.
As seen prior, application timing affected CP for the 2014 growing season.
Herbicide applications for May caused greater CP concentrations, but only for the July
harvest. The 2 May 2014 harvest displayed no difference, which was similar to 2013
growing season. It seems herbicide applications affected CP for a short window in May
2014, but plants exposed to the Apr. 2014 herbicide application were able to regenerate
and recover by harvest. The inclusion of white clover increased CP compared to tall
fescue monocultures for the 2014 growing season regardless of harvest or timing of
herbicide applications. The observed decline of clover stands during 2014 affected CP
greater than the previous growing season. Similar to previous nutritive analyses,
herbicide treatments had minimal effect during the 2014 growing season (Figure 1.34). .
Weed Competition
Weed pressure on stands of tall fescue will cause variability in forage nutritive
value, yield, and herbicide effectiveness. Additionally, applications of herbicides may
negatively affect fescue stands, creating voids where weeds may establish and compete.
Weed encroachment was visually estimated, in order to determine herbicide and
herbicide combination effects on tall fescue stand persistence with white clover and
without. Furthermore, estimating weed pressure will also help assess changes in forage
nutritive value and herbicide effectiveness. The 2013-year analysis was not completed;
41

however, 2014 represented the cumulative effects of two seasons of herbicide applied
was analyzed. Interactions were detected among harvest × tall fescue with white clover
or tall fescue alone, harvest × herbicide, and harvest × application timing (P = 0.01, P =
0.02, P = 0.0001, respectively) as well as application timing × herbicide (P = 0.001; r2 =
0.57; CV = 42.6; Appendix Table A.17).
Plot weed ratings on 2 May 2014 (Figure 1.35) showed herbicide effects on test
plots affected weed encroachment (P < 0.0001) however, application timing and tall
fescue with white clover or tall fescue alone (data not shown) did not show differences (P
= 0.2, P = 0.1, respectively; r2 = 0.54; CV = 43.3). The application of clethodim,
metsulfuron + chlorsulfuron, and imazapic to test plots increased weed composition by
negatively affecting tall fescue growth in plots compared to the control.
Weed pressure ratings on 28 July 2014 showed differences between herbicide
(Figure 1.36), application time, and white clover with white clover and without (P <
0.0001; P < 0.0001; P < 0.0001, respectively; r2 = 0.66; CV = 35.9). Results were similar
to previous rating with weed encroachment, which increased when clethodim and
imazapic were applied to the test plots compared to the control (62.4; 57.5 vs 30 %).
April 2014 application (data not shown) decreased weed composition compared to May
2014 (34 vs 45.9 %). Tall fescue with white clover (data not shown) had decreased weed
competition compared to the fescue monocultures (34 vs 45.9 %). Herbicides applied
during Apr. 2014 (data not shown) affected weed composition within plots (P < 0.0001;
r2 = 0.54; CV = 42.2). The application of clethodim and imazapic increased weed
pressure the greatest compared all other herbicide treatments and the control (62.4, 57.5
vs 24 %). The applications of glyphosate and aminopyralid + metsulfuron caused greater
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weed presence in those plots compared to the control (43.3; 41.6 vs 30 %). When
applications were made in May 2014 (Figure 1.37) imazapic, clethodim, and glyphosate
+ 2,4-D increased weed competition compared to control (53.3, 43.4, 41.7 vs 23.3%,
respectively; r2 = 0.66; CV = 41.9).
Applications of clethodim and imazapic greatly reduced tall fescues competitive
ability as measured by weed encroachment regardless of application timing (Figure 1.35 1.37). However, weed encroachment was greater for tall fescue plots receiving herbicide
applications during May (Figure 1.37) as measured during the 28 July 2014 harvest.
Strong appearance of weeds would indicate application of herbicides prior to the onset of
tall fescue dormancy provides open soil; not covered by fescue canopy, thus allowing for
greater summer weed encroachment. Herbicide applications made in Apr. allow tall
fescue time to recover. When tall fescue was inter-seeded with white clover, there was a
decrease in weed presence compared to the tall fescue monoculture. Legume inclusion
would increase competitiveness of desirable plants against summer weed intrusion.
Objective assessment using an archeological providence square would have probably
increased accuracy in weed presence. It would have prevented bias often found in visual
rating.
Summary
The application of herbicides reduced seedhead development, but degree of
success was dependent upon application timing. April applications resulted in effective
seedhead suppression compared to the control, except for aminopyralid + metsulfuron
and aminocyclopyrachlor during 2013. However, during 2014, all herbicides were
effective at reducing seedhead emergence. Application of herbicides during June resulted
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in cessation of seedhead development in both years. Biomass production was greater in
2014 than in 2013. The inclusion of white clover with tall fescue did not affect yield or
seedhead suppression, but increased forage nutritive value indicators NDF and CP.
Neutral detergent fiber was affected by herbicide application in 2014. Kentucky31 with white clover showed lower NDF values compared to tall fescue monocultures.
This observation can be attributed to the replanting of white clover during the previous
fall. The presence of clover caused a corresponding decrease in percentage contribution
of tall fescue to the forage sample due to herbicide application, similar to the results
reported by Goff et al. (2012) when applying aminopyralid + metsulfuron. Crude protein
concentration was increased for grass/legume mixtures compared to monocultures for
both the 2013 and 2014 seasons, similar to reports from Aiken et al. (2011).
Interestingly, clover establishment was not affected during the fall of 2013 despite the
application of herbicides in June indicating little residual effect of these herbicides.
Using herbicides to manage KY-31 (or tall fescue in general) is a viable
management tool. However, caution should be exercised when using particular
herbicides (aminocyclopyrachlor or metsulfuron + chlorsulfuron) which may negatively
affect white clover survival in the sward. Furthermore, herbicides such as imazapic and
clethodim can excessively damage tall fescue stands resulting in increased weed
presence. Spring application of these herbicides may be useful for the eradication of
wild-type tall fescue if there was an interest in replanting with a novel endophyte fescue
is planned in the fall or following spring. Further research is needed on seed viability,
and concentration of ergovaline in seed treated by herbicide application.
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Table 2.1

Commercially available tall fescue (Schedonorus arundinaceus) types and
associated varieties E+, NE, and E-, representing wild-type (toxic)
endophyte, novel (friendly) endophyte.

Variety
Kentucky-31
Alta
Georgia 5
BarOptima PLUS
MaxQ
Estancia
Duramax
Texoma MaxQ II
Bar Elite
Drover
AU Triumph
*Brand name of friendly endophytes
Table 2.2

Type
E+
E+
E+
NE
NE
NE
NE
NE
EEE-

Illustration of herbicides and herbicides combinations rates and mechanical
control; mow or no mow treatments applied to tall fescue (Schedonorus
arundinaceus) variety, Kentucky-31.

Treatment Herbicide brand Herbicide chemical name
1
2

Endophyte strain*
E34
AR542
ArkShield
Gold
AR584
-

Mow*
Pursuit®

Rate
(ml ha-1)

Active
Ingredient
(ml ha-1)
6.6

Control
Imazethapyr
29.2
Imazethapyr +
dimethylamine of 2,43
Pursuit® + 2,4-D
29.2 + 10.7 6.6 + 1.2
dichlorophenoxyacetic
acid
4
Cimarron®
Metsulfuron + chlorsulfuron
0.73
0.35 + 0.10
®
5
Chaparral
Aminopyralid + metsulfuron
0.43
0.26 + 0.04
6
Eraser®
Glyphosate
58.4
23.9
®
7
Plateau
Imazapic
43.8
10.3
Glyphosate + dimethylamine
8
Eraser® + 2,4-D
of 2,458.4 + 10.7 23.9 + 1.2
dichlorophenoxyacetic acid
9
Select®
Clethodim
29.2
7.7
10
Kendra®
Aminocyclopyrachlor
116.9
*Mowing simulated by hand clipping seed heads from tall fescue plots
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Figure 2.1

Mean monthly temperatures (°C) for Starkville, MS, during the 2013 and
2014 growing season.

Figure 2.2

Monthly precipitation (mm) for Starkville, MS, during the 2013 and 2014
growing season.
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Figure 2.3

The effect of nine herbicides and herbicides combinations on mean
seedhead emergence of the tall fescue (Schedonorus arundinaceus) variety,
Kentucky-31, over two years; 2013 and 2014.

*denotes an experimental herbicide formulation.
†
UPPERCASE letters denote significant differences between 2013 treatment means
atα=0.05.
‡
lowercase letters denote significant differences between 2014 treatment means at
α=0.05.
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Figure 2.4

The effect of herbicides and herbicides combinations on yield of tall fescue
(Schedonorus arundinaceus) variety, Kentucky-31, on 8 Aug. 2013
harvest.

*denotes an experimental herbicide formulation.
†
different letters denote significant differences between 2013 treatment means at α=0.05.
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Figure 2.5

The effect of herbicides and herbicides combinations on yield of tall fescue
(Schedonorus arundinaceus) variety, Kentucky-31, from harvest taken on 2
May 2014.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between 2014 treatment means at α=0.05.
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Figure 2.6
†

The effect of herbicides and herbicides combinations on yield of tall fescue
(Schedonorus arundinaceus) variety, Kentucky-31, in Apr. or May 2014

different letters denote significant differences between Apr. and May treatment means at
α=0.05.
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Figure 2.7

†

The effect of applying herbicides and herbicides combinations on yield of
tall fescue variety, Kentucky-31 (Schedonorus arundinaceus), with white
clover (Trifolium repens) or tall fescue alone, when applied May 2014,
from harvest taken 2 May 2014 harvest.

different letters denote significant differences between treatment means at α=0.05
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Figure 2.8

†

The effect of applying herbicides and herbicides combinations in May 2014
on yield of tall fescue (Schedonorus arundinaceus) variety, Kentucky-31,
from harvest taken 28 July 2014

different letters denote significant differences between treatment means at α=0.05
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Figure 2.9

The effect of herbicides and herbicides combinations on vegetation health
as measured by normalized difference vegetative index of tall fescue
(Schedonorus arundinaceus; blue), Kentucky-31, alone or with white
clover (Trifolium repens; red), Regal Graze, during 2013.

*denotes an experimental herbicide formulation.
different UPPERCASE letters denote significant differences between monoculture
treatment means at α=0.05.
‡
lowercase letters denote significant differences between mixture treatment means at
α=0.05.
†
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Figure 2.10

The effects of herbicides and herbicides combinations on vegetation health
as measured by normalized difference vegetative index of tall fescue
(Schedonorus arundinaceus), Kentucky-31, when applied on May 2013.

*denotes an experimental herbicide formulation.
†
different letters denote significant differences between monoculture treatment means at
α=0.05.
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Figure 2.11

The effect of herbicides or herbicides combinations on vegetation health as
measured by normalized difference vegetative index of tall fescue
(Schedonorus arundinaceus) variety, Kentucky-31, when applied on Apr.
or May 2014.

†

different letters denote significant differences between monoculture treatment means at
α=0.05.
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Figure 2.12

The effects of herbicides or herbicides combinations on vegetation health
as measured by normalized difference vegetative index of tall fescue
(Schedonorus arundinaceus) variety, Kentucky-31, when applied during
Apr. on 2 May 2014 harvest.

*denotes an experimental herbicide formulation.
†
different letters denote significant differences between treatment means at α=0.05.
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Figure 2.13

The effect of herbicides and herbicides combinations on vegetation health
as measured by normalized difference vegetative index for tall fescue
(Schedonorus arundinaceus; blue bars), Kentucky-31, alone or with white
clover (Trifolium repens; red bars), Regal Graze, on 28 July 2014 harvest.

*denotes an experimental herbicide formulation.
†
UPPERCASE letters denote significant differences between monoculture treatment
means at α=0.05.
‡
lowercase letters denote significant differences between mixture treatment means at
α=0.05.
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Figure 2.14

The effect of herbicides and herbicide combinations on canopy cover as
visually estimated by no damage = 0; severe = 5 for tall fescue
(Schedonorus arundinaceus) variety, Kentucky-31, during 7 May 2013
harvest.

*denotes an experimental herbicide formulation
†
visual rating 0 indicates no damage, 5 indicates severe damage
‡
different letters denote significant differences between treatment means at α=0.05
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Figure 2.15

The effect of herbicides and herbicide combinations on canopy cover as
measured by leaf area index for tall fescue (Schedonorus arundinaceus)
variety, Kentucky-31, during 8 Aug. 2013 harvest.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between treatment means at α=0.05
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Figure 2.16

The effect of herbicides and herbicides combinations applied in Apr. on
canopy cover as measured by leaf area index for tall fescue (Schedonorus
arundinaceus) variety, Kentucky-31, during 2 May 2014 harvest.

*denotes an experimental herbicide formulation
different letters denote significant differences between treatment means at α=0.05

†
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Figure 2.17

†

The effect of herbicides and herbicides combinations on canopy cover as
measured by leaf area index for tall fescue (Schedonorus arundinaceus)
variety, Kentucky-31, with white clover (Trifolium repens) variety, Regal
Graze, or tall fescue alone on 28 July 2014 harvest.

different letters denote significant differences between treatment means at α=0.05
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Figure 2.18

The effect of herbicides and herbicides combinations on canopy cover 28
July 2014 as measured by leaf area index for tall fescue (Schedonorus
arundinaceus) variety, Kentucky-31, when applied in May 2014.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between harvest treatment means at
α=0.05
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Figure 2.19

The effect of applying herbicides and herbicides combinations in Apr. 2013
or May 2013 on clover population; individual clover plants within a meter
square, for tall fescue (Schedonorus arundinaceus) variety, Kentucky-31,
across three harvests in 2013.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between 2013 harvest treatment means at
α=0.05
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Figure 2.20

The effect of herbicides and herbicides combinations on clover population;
individual clover plants within a meter square, for tall fescue (Schedonorus
arundinaceus) variety, Kentucky-31, in 2013 and 2014.

*denotes an experimental herbicide formulation
†
UPPERCASE letters denote significant differences between 2014 treatment means at
α=0.05
‡
lowercase letters denote significant differences between 2013 treatment means at α=0.05
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Figure 2.21

The effect of herbicides and herbicides combinations on neutral detergent
fiber concentration as measured by near-infrared spectroscopy for tall
fescue (Schedonorus arundinaceus) variety, Kentucky-31, during 7 May
2013 harvest.

*denotes an experimental herbicide formulation.
†
different letters denote significant differences between treatment means at α=0.05.
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Figure 2.22

The effect of herbicides and herbicides combinations on neutral detergent
fiber concentration as measured by near-infrared spectroscopy for tall
fescue (Schedonorus arundinaceus) variety, Kentucky-31, during 8 Aug.
2013 harvest.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between treatment means at α=0.05
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Figure 2.23

The effect of herbicides and herbicides combinations on neutral detergent
fiber concentration as measured by near-infrared spectroscopy for tall
fescue (Schedonorus arundinaceus) variety, Kentucky-31, during 24 Oct.
2013.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between harvest treatment means at
α=0.05
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Figure 2.24

The effect of herbicides and herbicides combinations when applied in Apr.
or May 2013 on neutral detergent fiber concentration as measured by nearinfrared spectroscopy for tall fescue (Schedonorus arundinaceus) variety,
Kentucky-31.

*denotes an experimental herbicide formulation
†
UPPERCASE letters denote significant differences between Apr. treatment means at
α=0.05
‡
lowercase letters denote significant differences between May treatment means at α=0.05
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Figure 2.25

The effect of herbicides and herbicides combinations on neutral detergent
fiber concentration as measured by near-infrared spectroscopy for tall
fescue (Schedonorus arundinaceus) variety, Kentucky-31, during 2 May
2014 harvest.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between harvest treatment means at
α=0.05
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Figure 2.26

The effect of herbicides and herbicides combinations applied in Apr. on
neutral detergent fiber concentration as measured by near-infrared
spectroscopy for tall fescue (Schedonorus arundinaceus) variety,
Kentucky-31, during 28 July 2014 harvest.

*denotes an experimental herbicide formulation
different letters denote significant differences between harvest treatment means at
α=0.05

†

70

Figure 2.27

The effect of herbicides and herbicides combinations on acid detergent
fiber concentration as measured by near-infrared spectroscopy for tall
fescue (Schedonorus arundinaceus) variety, Kentucky-31, during 7 May
2013 harvest

*denotes an experimental herbicide formulation
†
different letters denote significant differences between harvest treatment means at
α=0.05

71

Figure 2.28

The effect of herbicides and herbicides combinations on acid detergent
fiber concentration as measured by near-infrared spectroscopy for tall
fescue (Schedonorus arundinaceus) variety, Kentucky-31, during 8 Aug.
2013 harvest.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between harvest treatment means at
α=0.05
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Figure 2.29

The effect of herbicides and herbicides combinations on acid detergent
fiber concentration as measured by near-infrared spectroscopy for tall
fescue (Schedonorus arundinaceus) variety, Kentucky-31, during 24 Oct.
2013 harvest.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between harvest treatment means at
α=0.05

73

Figure 2.30

The effect of herbicides and herbicides combinations on acid detergent
fiber concentration as measured by near-infrared spectroscopy for tall
fescue (Schedonorus arundinaceus) variety, Kentucky-31, during 2 May
2014 harvest.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between harvest treatment means at
α=0.05
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Figure 2.31

The effect of herbicide and herbicides combinations applied in Apr. 2014
on acid detergent fiber as measured by near-infrared spectroscopy for tall
fescue (Schedonorus arundinaceus) variety, Kentucky-31.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between 2014 treatment means at α=0.05
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Figure 2.32

The effect of herbicide and herbicides combinations on crude protein
concentration as measured by near-infrared spectroscopy for tall fescue
(Schedonorus arundinaceus) variety, Kentucky-31, during 8 Aug. 2013
harvest.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between harvest treatment means at
α=0.05
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Figure 2.33

The effect of herbicide and herbicides combinations on crude protein
concentration as measured by near-infrared spectroscopy for tall fescue
(Schedonorus arundinaceus) variety, Kentucky-31, during 24 Oct. 2013
harvest.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between harvest treatment means at
α=0.05
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Figure 2.34

The effect of herbicide and herbicides combinations on crude protein
concentration as measured by near-infrared spectroscopy for tall fescue
(Schedonorus arundinaceus) variety, Kentucky-31, in 2014 pooled sample
analysis.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between harvest treatment means at
α=0.05
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Figure 2.35

The effect of herbicides and herbicides combinations weed pressure as
visually measured for tall fescue (Schedonorus arundinaceus) variety,
Kentucky-31, during 12 May 2014 rating.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between visually rated treatment means at
α=0.05
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Figure 2.36

The effect of herbicides and herbicides combinations on weed pressure as
measured by visual estimation for tall fescue (Schedonorus arundinaceus)
variety, Kentucky-31, during 28 July 2014 visual rating.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between visually rated treatment means at
α=0.05
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Figure 2.37

The effect of herbicides and herbicides combinations applied in May 2014
on weed pressure as measured by visual estimation for tall fescue
(Schedonorus arundinaceus) variety, Kentucky-31, during 28 July 2014
visual rating.

*denotes an experimental herbicide formulation
†
different letters denote significant differences between visually rated treatment means at
α=0.05
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CHAPTER III
EFFECT OF LEGUME AND NITROGEN APPLICATIONS ON TALL FESCUE
YIELD AND QUALITY

Introduction
The southeastern United States depends on forage productivity to sustain animal
production. Modern practices have used chemical nitrogen (N) to supplement pastures
for increased biomass production and to extend grazing days. This traditional practice
has been economically sufficient until the recent rise in fertilizer cost (Figure 2.1).
Inorganic fertilizer cost increases have resulted in a need for alternative pasture
management strategies that maintain yield and nutritive quality without extensive
application of chemical nitrogen. Interest in including legumes into pasture systems has
increased as a potential management tool fulfilling such a niche. Furthermore, including
legumes into tall fescue pasture would be expected to dilute total consumption of
endophyte infected tall fescue (E+) within the pasture, thereby decreasing animal
exposure and the toxic effects associated with consumption. However, more needs to be
known about legume compatibility with tall fescue and N management in a mixed species
sward.
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Nitrogen Cycle
Nitrogen comprises approximately 78% of the earth’s atmosphere but it is not
directly available to plants (Havlin et al., 2014). Nitrate (NO3-) and ammonium (NH4+)
are usable forms that plants can uptake through mass flow and diffusion. The N cycle is
broken down into losses, gains and cycling; no overall losses or gains occur (Havlin et
al., 2014; Table 2.1).
Nitrogen inputs are deposited into the soil via plants, animals, environment and
manufactured N fertilizers. Traditional farming methods involve the addition of chemical
N to the soil via an array of synthetic fertilizers. Where it is accessible, animal manure
may be used for a source of N. However, the amount of animal manure required, to
apply sufficient N, is greater due to N content being less as compared to manufactured
fertilizer (1-6 vs 30-42 % N; Havlin et al., 2014). Additions may also come from rain
and lightning strikes converting and transferring atmospheric nitrogen (N2) to the soil.
Nitrogen fixation is a unique trait shared by legumes and a few other plant species.
Unfortunately, N2 fixed by legumes is not readily available to other species, but does
become available once nodules die and N is released by microbial activity and organic
matter decomposition.
The losses of N from the soil: plant removal, de-nitrification, leaching,
volatilization are influence by soil type and composition. Nitrate losses by leaching
through the soil profile or denitrification (NO3+ to N2 released into the air), are greater in
rate for sandy compared to clay soils. Ammonium can be unavailable via fixation in 2:1
clays and volatilization to ammonia (Havlin et al., 2014). Chantigny et al. (2004)
investigated the fate of N when applied as pig slurry in two soil types (clay and sandy
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loam) on an experimental farm of Agriculture and Agri-Food Canada. Fixation within
the soil for the clay soil was greater compared to the sandy loam on day 1 (34% vs 11%
of applied N). However, N recovery was greater on sandy loam compared to clay soil on
day 96 (50 vs 29 %). On day 413, N recovery was similar between both soil types at 3%
of applied N. Volatilization will occur greatest within areas near soil surface (Chantigny
et al., 2004). A study conducted in St-Lambert Research Farm of the Institut de
Recherche et de Développement en Agroenvironnement near Québec City, Québec
Canada investigating losses of N through volatilization utilizing swine slurry that was
either anaerobically stored or anaerobically digested. The results of this study indicate a
35% loss of N due to volatilization within second day and 40% after ninth day regardless
of the storage method.
Nitrogen may only be cycled. There is neither lost, nor gained through
conversion processes such as immobilization, mineralization and nitrification.
Mineralization and nitrification of N may still be available for plant uptake, but with the
immobilization process, N becomes bound in its organic form due to microbial activity.
The extent of N retained in organic form is related to carbon (C) availability (Boeckx et
al., 2014; Okereke and Meints, 1985). Furthermore, due to these processes being
microbe-driven, influence from environmental conditions, specifically, temperature and
moisture also affect N stores and conversion (Hooker and Stark, 2012). Curtain et al.
(2012) reported temperature and moisture influenced N and C mineralization after
conducting an 85 day incubation study using five temperature and moisture settings (5,
12, 18, 25°C and -5 to -1200 kPa , respectively). Microbial C decreased linearly with
increasing temperature; however, greatest mineralization of C was found to be with
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greatest moisture reading, corresponding to an increased oxygen demand. The
application of inorganic N fertilizer in pasture systems measurably increases production
parameters, but depending on the nature of the N cycle, it can be inefficient and costly.
Legumes
During the last 50 years there has been developments that shed light on the
benefits of utilizing legumes in pastures. Plants known as legumes have a welldeveloped symbiotic relationship with bacteria which convert N2 to plant usable forms of
N. As part of the relationship, bacteria infect the root hairs of seedling legumes forming
a nodule where the bacteria survive and function. The bacteria secrete a nitrogenase
enzyme allowing the production of NH4+ from N2 gas (Ball et al., 2007).
Certain legume species fix N at different rates, thus some are more efficient at
offsetting chemical N supplementation within a pasture (Table 2.2). Legumes grown
along with tall fescue have been reported to decline overtime due to the competitiveness
(and perhaps allelopathy) of E+ tall fescue (Hoveland et al., 1999). However, certain
legumes are compatible and commonly grown with E+ tall fescue, such as white clover
(Trifolium repens), red clover (T. pretense) and alfalfa (Medicago sativa) in the Southeast
Region. Schaefer et al. (2014) reported a decrease in white clover sward percentage
when grown with meadow (S. pratensis) and tall fescue species over a three-year
experiment at the Arlington Agricultural Research Station, Arlington, WI. Originally, the
addition of white clover into both fescues increased animal gain per hectare compared to
the monocultures of fescues (780 vs 680 kg ha-1). It should be noted that in areas such as
Mississippi, environmental stresses incurred on legumes grown with E+ tall fescue are
elevated. Hoveland et al. (1999) conducted an experiment to determine the effects of E+
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on the persistence of white clover, red clover and alfalfa in Athens, Georgia. The
population of the three legumes utilized in the study decreased over time due to the
excessive competitiveness of E+ and stresses of the environment (limited rainfall and
frequent harvest interval). However, it was found, white and red clover were more
productive than alfalfa during the first two years of the study.
White clover has been shown to tolerate frequent defoliation and maintain
persistence compared to other legumes integrated with tall fescue. Brummer and Moore
(2000) conducted an experiment at Rhodes Research Farm in central Iowa to determine
the effects of beef cattle on grass and legumes mixtures when grazed heavily. Kura
clover (T. ambiguum), alfalfa, birdsfoot trefoil (Lotus corniculatus), red clover and white
clover were included with tall fescue in this particular study. White and kura clover were
superior to other legumes with respect to stand persistence.
Bacteria Specificity
For N2 fixation to occur, specific bacteria residing in the soil infect the plant
during root development (Havlin et al., 2014). Upon seed germination, secretions of
various sugars stimulate nod activity within the bacteria (Russelle, 2008). Within
minutes after activation, plant roots exhibit increased uptake of calcium resulting in
decreased cytoskeleton development of the root hair (Russelle, 2008). Upon infection of
the root hair, bacteria become walled off resulting in formation of nodules; round
structures in which N2 fixation takes place. Once, nodules have developed and start to
function, they produce NH4+ which the plant can utilize. The nodule contains bacteria as
well as leghemoglobin, which, has a great affinity for oxygen; scavenging oxygen
prevents its negative effects on nitrogenase enzyme. The production of the nitrogenase
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enzymes allows for the enzymatic reaction converting N2 to NH4+ and amino acid
synthesis for plant use via un-infected cells (Udvardi and Day, 1997).
Rhizobia (Rhizobium spp) are legume specific bacteria species (Perret et al.,
2000). However, there are other bacteria that can inoculate a wide variety of hosts.
Common legumes species that are utilized today (alfalfa and white clover) require a
specific Rhizobium (melitoli and trifolii, respectively) for a proper inoculation and
successful stand establishment. The amount of N fixed is directly related to the
environment as well as the soil (especially soil pH) in which crops are grown.
Understanding rhizobia needs and environmental conditions required for survival and
function are vital for successful inoculation of crops.
The nodule formation and amount of N that can be fixed is related to many
factors. A common rule of thumb is any factor that will or can influence plant
photosynthetic capacity will effect soil microbe populations. Legume production in the
South has been limited due to low stand survival, attributed to low soil pH (Ball et al.,
2007). However, this broad statement should be clarified. Not all rhizobia are affected
as severely by soil acidity as others. The Rhizobium group trifolii can tolerate a lower pH
compared to the meliloti group. Soil pH affects the availability of most nutrients in the
soil. When soil pH is low, plants will display deficiencies of calcium, phosphorus,
molybdenum, and zinc; all important co-factors required for N2-fixation (Russelle, 2008).
Aluminum also influences N2 fixation. Aluminum availability increases at lower soil pH
causing decreased root growth resulting in infection failure. These environmental
stresses directly affect both partners (plant and microbe; O’Hara, 2001; Russelle, 2008).
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Nutritive Value of Tall Fescue Legume Mixtures
Tall fescue pastures are generally greater in quality compared to warm-season
grass species, such as bermudagrass (Figure 2.2). However, due to the presence of toxic
endophyte, tall fescue grazed-animal gains are diminished. The inclusion of legumes
with tall fescue increases forage quality i.e. protein (CP) and digestibility.
Legumes are considered superior forage to grasses. This is due to their increased
leaf to stem ratio allowing for greater digestibility due to less structural fiber such as
lignin and cellulose. Legumes generally contain greater amounts of protein than grasses
thus, potentially decreasing necessary protein supplementation to livestock. Deak et al.
(2009) investigated the implementation of complex plant mixtures compared to
monocultures with chemical N added and simple mixtures (< 3 species) at two harvest
times (morphological and set cutting height of 25 cm). Monocultures with chemical N
added and simple mixtures produced greater dry matter (DM) than complex mixtures (> 3
species) when conditions were favorable, but there was no overall DM difference during
adverse environmental conditions. When the complex forage mixtures were examined
over time there was an increase in nutritive value and decreased weed pressure over the
entire growing season (Deak et al., 2009).
Forage nutritive content is inversely related to plant maturity. Pasture crops in the
vegetative stage are more digestible and contain less hemicellulose as well as lignin (Ball
et al., 2007). Silva et al. (2013) conducted a simulated grazing experiment to explore
which grass (tall fescue, meadow fescue, orchardgrass (Dactylis glomerata), timothy
(Phleum pretense), Kentucky bluegrass (Poa pratensis) and meadow bromegrass
(Bromus biebersteinii) and legumes (alfalfa, white clover and birdsfoot trefoil)
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combinations provided an optimum water soluble carbohydrate to protein ratio that
ensures proper N utilization within the rumen. They concluded alfalfa mixtures had the
greatest water-soluble carbohydrate to protein ratio. However, under frequent clipping
alfalfa did not persist. White clover and birdsfoot trefoil mixtures contained the greatest
quantity of total N. Alfalfa and tall fescue mixture compared to the white clover and tall
fescue mixture contained the greatest water-soluble carbohydrate to protein ratio. These
data indicate tall fescue inter-seeded with alfalfa or white clover may provide the proper
balance for N usage as well as overall nutritive value for grazing livestock.
Management of tall fescue mixtures
Legume seedlings require abundant amounts of sunlight for essential root
development (Fribourg et al., 2009). During this seedling stage, white clover and alfalfa
in a polyculture are susceptible to being shaded out by tall fescue. The chances for stand
success are dependent upon following the recommendations when planting into an
established stand of E+ tall fescue or planting them as a mixture into a prepared seedbed.
When planting into established pastures of E+ tall fescue, all excess biomass should be
removed to allow for proper soil to seed contact and light interception for seedlings after
germination.
Schlueter and Tracy (2012) reported no difference in the germination of white
clover despite planting two methods (broadcast or no-till) at 2.2 kg ha-1 into established
tall fescue pasture. However, successful germination of white clover was directly
affected by amount of biomass. The effects on biomass after establishment were also
related to the number of clover seedlings that had established. Clipped pastures that were
inter-seeded with white clover increased total biomass due to the increased clover
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composition within the pasture. Tall fescue’s competitive ability makes establishing and
managing legumes a challenge. Proper management is required to prevent depression of
potential yields, especially in stressful situations. Conditions of elevated stress are
elevated temperatures, drought, poor soil fertility and increased chemical N rates. Alfalfa
when grown with tall fescue under stressful environments can show a 36% reduction in
yield (Hoveland et al., 1999).
Traditional farming practices could potentially decreased legume persistence.
Common practices, such as applying large amounts of N in a growing season, will favor
grass growth, thus increasing competition on legumes. However, the response from N
application is dependent upon legume:grass composition. A sward dominated by tall
fescue will increase in yield, but there will be a decrease in total clover percentage in the
composite sample (Barnes et al., 2006).
Typically, growers fear decreased dry matter (DM) production when inter-seeding
legumes into their pastures. However, total production may be increased when including
multiple species into a stand compared to a monoculture with supplemented inorganic N.
Deak et al. (2009) reported alfalfa inter-seeded into orchardgrass had comparable DM
production to an orchardgrass monoculture fertilized with 250 kg N ha-1. Similarly,
Sleugh et al. (2000) stated that alfalfa inter-seeded into three species of grasses [smooth
bromegrass (Bromus inermis Schreb.); orchardgrass; intermediate wheatgrass
(Thinopyrum intermedium Schreb.)] produced three times the amount of herbage
compared to their respective monocultures, in Iowa.
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Summary
Chemical N fertilization negatively affects legume stands. Additionally, there
are challenges in the southeastern United States when growing mixtures of legumes and
tall fescue, with regard to soil pH and legume persistence. However, it is unknown to
what extent of N supplementation that can take place before yield, botanical composition,
and forage nutritive value are negatively affected. The use of legumes, (white clover and
alfalfa) in combination with tall fescue, supplemented with chemical N at various rates
will help determine their companion benefits Mississippi.
Objectives


To compare companion responses between clover and alfalfa in KY-31
(E+) and Texoma MaxQ II (novel endophyte) tall fescue with various N
fertilizer rates.



To determine the effect of alfalfa and white clover on composite forage
nutritive value in KY-31 and Texoma MaxQ II tall fescue at various N
fertilizer rates.
Materials and Method

The study was conducted on the Henry H. Leveck Animal Research farm (South
Farm) at Mississippi State University, Mississippi State, MS. The soil type was a
Marietta fine sandy loam (Fine loamy, siliceous, active, thermic Typic Endoaquults).
Experimental design was a split-plot replicated three times. The main plots were two tall
fescue, varieties (KY-31 and Texoma MaxQ II), while subplots were legumes species
(alfalfa and white clover) and nitrogen fertilizer treatment (0, 11, 22, 44 kg ha-1)
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combinations. All plots were fertilized with lime, phosphorus and potassium; based on
soil test recommendations prior to seeding. Tall fescue varieties were planted in a
prepared seedbed using an Almaco® precision cone planter (Almaco, Nevada, IA) in 1.8
× 3.3 m plots at a rate of 16.8 kg ha-1 along with white clover (Regalgraze) at 3.4 kg ha-1
or alfalfa (Bulldog 505) at 16.8 kg ha-1 on 11 Oct. 2012. Nitrogen supplementation was
applied in split applications (Table 2.3) using urea ammonium sulfate (33-0-0S) after
each harvest.
Plots were rated visually for percentage botanical composition prior to each
harvest. Plots were harvested when tall fescue control plots and alfalfa mixtures reached
ten percent bloom (determined by visual estimation) using a Ferris® mower equipped
with a bagging system for biomass collection. A 1.3-meter swath was removed from the
center of each plot at a 7.6-cm cutting height. Subsamples were collected and oven dried
at 55°C. Dry samples were then ground in a Wiley Mill (Swedesboro, NJ) to pass
through a 2-mm mesh for forage nutritive value analysis. Forage nutritive values (invitro dry matter disappearance and mineral concentration) was determined by nearinfared reflectance spectroscopy with a Foss-6500 (Foss, Eden Prairie, MN) using the hay
and mixed hay equations developed by the Feed and Forage Testing Consortium
(Hillsboro, WI). Data was analyzed using General Linear Model of SAS and means
separated by the least significant difference (Fisher’s protected LSD) at α = 0.05. Year
was considered a fixed effect and replication was considered a random effect.
2013 and 2014 Year
Prior to the 2013 growing season 22 kg N ha-1 was applied on 26 Jan 2012. There
were four harvests taken on 7 May, 17 June, 8 Aug. and 10 Oct. All treatments were
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applied with respect to designated time and amount, except for fall N fertilizer
applications. Alfalfa was replanted at 22 kg ha-1 on 11 Oct. 2013 due to stand failure, and
cut on 10 Oct. 2013 to a height of 5-cm cutting height; according to the recommendation
of no-tilling legumes into established tall fescue. All plots germinated successfully after
replanting. Nitrogen fertilizer was applied at a rate of 11 kg ha-1 at green up 28 Feb 2014.
In 2014 there were three harvests, but due to lack of fall growth a fourth cut was not
made. Harvests were taken on 3 May, 16 June and 26 July 2014. An application of
aminopyralid + 2,4-D (GrazonNext®) was applied at 219 mL ha-1 on 20 May 2014 to tall
fescue monoculture plots to eliminate volunteer white clover.
Results for Legume Inclusion
Biomass Collection
There was not a year effect (P = 0.1) with respect to biomass produced (r2 = 0.68;
CV = 22.7; Appendix Table B.1). The analysis indicated interactions between harvest ×
tall fescue type (P = 0.01) and tall fescue type × species (P = 0.01). For each harvest,
Texoma MaxQ II produced the greatest amount of biomass (Figure 2.5) compared to KY31 [May (7,8723 vs 6,755 kg ha-1), June (3,969 vs 3,582 kg ha-1) and July (4,377 vs 3,745
kg ha-1)] except for Oct. (no difference was observed). Previous research noted no
difference in biomass production between tall fescue types: wild-type endophyte (KY-31)
and novel endophyte infected (Texoma MaxQ II) (Bouton et al., 2002). However, this
data suggests Texoma MaxQ II was superior to KY-31. The inclusion of legumes and
imposed nitrogen treatments significantly affected yield in KY-31 (P = 0.003) but did not
affect Texoma MaxQ II (P = 0.2), which suggest no benefits of legumes nor supplemental
nitrogen to increased biomass production. The inclusion of white clover in KY-31
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fertilized with 11 kg ha-1 N produced similar biomass to KY-31 monoculture fertilized
with 22 kg ha-1 N (5,514 vs 4,797 kg ha-1) but was greater than tall fescue monoculture
without supplemented N (5,514 vs 3,925 kg ha-1) (Figure 2.6). Furthermore, the interseeding of white clover and alfalfa with 11 kg ha-1 supplemental nitrogen and without
produced greater biomass compared to the KY-31 supplemented with 11 kg ha-1 N
(5,514, 4,954, 5,043, 4,831vs 3,925 kg ha-1). This data suggest inter-seeding legumes
into tall fescue with supplemental nitrogen would not reduce yield nor potential grazing
days for animals on pasture compared to tall fescue monoculture fertilized with 22 kg ha-1
N. However, these binary pastures would produce more biomass compared to tall fescue
alone or fertilized with 11 kg ha-1, resulting in greater forage allowance to animals on
pasture while still reducing chemical N input.
Texoma MaxQ II tall fescue produced greater biomass in three of four harvests
during two years than KY-31 tall fescue (Figure 2.5). This finding is contrary to reports
made by Bouton et al. (2002), where they found no difference between novel endophyte
and the wild-type infected tall fescue varieties.
Kentucky-31 showed differences in biomass production due to legume inclusion
and nitrogen supplementation (Figure 2.6). Results of this study were similar to Deak et
al. (2009) and Sleugh et al. (2000) with legume inclusions producing yields comparable
to that of the well-fertilized grass monoculture. However, climatic conditions during
nitrogen applications may have skewed observations. Mean daily temperatures were
elevated for June, Sept., and Oct. for both years (Figure 2.3). This could have interfered
with nitrogen uptake and exchange into solution after nitrogen applications (nitrogen
volatilization). Precipitation was less for both years compared to the 30-yr mean (Figure
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2.4); suggesting conditions for the volatilization of 33-0-0S (urea ammonium sulfate)
applications were appropriate. Perhaps a different nitrogen source would have been
better suited for nitrogen supplementation such as ammonium nitrate (34-0-0) or the use
of a urease inhibitor such as Agrotain® would have been beneficial.
Legume Composition
There was no significant difference between 2013 and 2014 growing seasons with
respect to legume composition (P = 0.6) of visually rated plots. Thus, observations were
pooled between years. The analysis of variance, determined a significant interaction;
between legume inclusion and nitrogen application × harvest (P < 0.0001; r2 = 72.3; CV
= 69.4; Appendix Table B.2). Tall fescue type had no effect on legume composition (P =
0.6). White clover supplemented with 11 kg ha-1 N and without was present in greater
concentrations compared to alfalfa fertilized at 11 kg ha-1 N for May rating (22.5; 24.9 vs
13.1 %, respectively; Figure 2.7). The trend continued for harvest taken Jun., Jul., and
Oct. however, into summer and fall white clover with 11 kg ha-1 was greater in plot
percentage compared to white clover without supplemental nitrogen (Figure 2.7).
Legume percentage (stand composition) favored mixtures containing white clover
compared to alfalfa, except for the first harvest (Figure 2.7). It appears alfalfa has a lack
of competitive ability when inter-seeded into tall fescue this far south. Alfalfa in
northern regions alfalfa has been noted to co-exist well with tall fescue as a companion
legume. At our location, white clover seemed to persist well and did not have to be reestablished for the second year. Interestingly, unlike previous reports, the white clover
receiving nitrogen was found in greater proportions, than that of white clover and tall
fescue without N supplementation from summer harvest to the fall. This may be the
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result from tall fescue competing aggressively for the chemical nitrogen, scavenging it
from the white clover. This hypothesis is supported by greater biomass produced by
these plots, or the amount of supplemented nitrogen was enough to benefit both species
without favoring tall fescue.
Nutritive Value
Nutritive value was estimated based upon in vitro dry matter disappearance at 48
hrs (IVDMD48h) from a NIRS equation, which is correlated with other forage nutritive
values acid detergent fiber (ADF), neutral detergent fiber (NDF), and crude protein (CP;
Van Soest, 1994). Statistical analysis determined a year effect between 2013 and 2014 (P
< 0.0001). The 2013 year analysis indicated no interactions, but indicated significant
sources of variation due to legume inclusion with variable nitrogen supplementation rate
and harvest timing (P < 0.0001, P < 0.0001, respectfully) with respect to IVDMD48h (r2 =
0.77; CV = 2.8; Appendix Table B.3). Tall fescue inter-seeded with white clover
supplemented with N and without had increased IVDMD48h compared to other tall fescue
monocultures despite the variable nitrogen rate (75, 74.2 vs 72.5, 72.7, 72.3 % ,
respectively; Figure 2.8). Harvest taken in May and June showed greater IVDMD48h
compared to July and Oct. (76, 76.7 vs 68.7, 71.7 %, respectively; Figure 2.9). With July
displaying, the lowest IVDMD48h compared to other harvests during 2013.
Statistical analysis of 2014 showed similar results compared to 2013 in respect to
legume inclusion with a variable nitrogen supplementation rate (P < 0.0001) and harvest
(P < 0.0001) significantly affecting IVDMD48h values (r2 = 0.49; CV = 2.0; Appendix
Table B.3). The trend was similar to 2013 (Figure 2.8). Tall fescue mixtures with white
clover supplemented with or without nitrogen and alfalfa without nitrogen
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supplementation were superior for IVDMD48h compared to tall fescue at variable nitrogen
rates (77, 77.9, 76.4 vs 75.5, 75.2, 75 %, respectively; Figure 2.10). There was no
advantage to supplementing tall fescue plots containing white clover with additional N.
The June 2014 harvest had the greatest IVDMD48h compared to May 2014. As expected,
the July harvest had the least disappearance with respect to IVDMD48h (77.2 vs 75.8 vs
75.1 %, respectively; Figure 2.11). July IVDMD48h was also the source of the interaction
(68.8 vs 75.17; 2013 vs 2014).
In vitro dry matter disappearance showed values that were expected with the
inter-seeding of legumes into tall fescue compared to monoculture. White clover and tall
fescue mixtures had the greater IVDMD48h (Figure 2.8) than tall fescue monocultures.
However, the mean separation between alfalfa inter-seeded into tall fescue with nitrogen
supplementation and white clover could be due to the decrease in alfalfa stand persistence
over the 2013 growing season. Harvest differences could be correlated with tall fescue
maturation before summer dormancy and legume growth past optimal (Figure 2.7).
During the 2014 growing season a clear separation in IVDMD48h was noted for alfalfa
without nitrogen supplementation compared to the alfalfa with supplemental N and tall
fescue monocultures, but white clover treatments remained superior in respect IVDMD48h
(Figure 2.10). These differences may be attributed to the re-seeding alfalfa the previous
fall. Legume growth, especially alfalfa, could have been impaired by height and
frequency of cutting, thus changing composition of the plots directly affecting
IVDMD48h.
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Mineral Content – Calcium
Samples were analyzed for calcium and were determined by near-infrared
reflectance spectroscopy (NIRS) by measuring the amount of reflectance from a
predetermined sample. This non-destructive method was used to estimate the effect of
inter-seeding legumes into tall fescue supplemented with or without supplemental N.
Statistical analysis of calcium content for 2013 and 2014 showed two interactions:
legume inclusion with and without N supplementation × harvest (P = 0.003) and tall
fescue variety × harvest (P = 0.008). There was a single source of variation due to year
requiring each to be analyzed separately (P < 0.0001; r2 = 0.57; CV = 10.4; Appendix
Table B.4).
May 2013 harvest showed greatest concentrations of calcium concentration in tall
fescue inter-seeded with alfalfa with and without N supplementation as well as white
clover without N supplementation compared to the control (1.1, 1.1, 1.1 vs 0.9 %,
respectively; Figure 2.12). No other fertilizer supplementation affected calcium
concentration in respective forage samples. There was a variety effect for the May 2013
harvest. The tall fescue variety, KY-31, contained greater concentration of calcium
compared to Texoma MaxQ II (1.1 vs 1.0 %; data not shown). Harvest taken in June
2013 showed tall fescue inter-seeded with white clover with and without N
supplementation (Figure 2.13) contained the greatest concentration of calcium compared
to the tall fescue monoculture without N supplementation (1.3, 1.3 vs 1.1 %,
respectively). Again, the tall fescue variety KY-31 contained greater amounts of calcium
compared to Texoma MaxQ II (1.2 vs 1.1 %). Similarly, the June 2013 harvest (Figure
2.13), tall fescue inter-seeded with white clover with and without N supplementation
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contained greater concentrations of calcium compared to all other treatments during the
July 2013 harvest (Figure 2.14). Tall fescue variety showed no difference in calcium
content for the July 2013 harvest. The fall harvest in Oct. 2013 showed white clover
inter-seeded into tall fescue with and without N supplementation had greater
concentration of calcium (Figure 2.15) compared to the tall fescue monoculture without
N supplementation (1.0; 1.0 vs 0.9 %, respectively). Again, tall fescue variety showed no
difference in respect to calcium content.
There was no interaction for calcium among treatments during the 2014 growing
season; however, there were two sources of significant variation; the inclusion of
legumes at variable N supplementation rates and harvest (P < 0.0001, P < 0.0001). The
same trend was observed in the 2013 growing season. Tall fescue inter-seeded with
white clover with and without N supplementation contained greater concentrations of
calcium (Figure 2.16) compared to all other treatments. Calcium content of tall fescue
when sampled, were greater in June compared to July and May 2014 harvest (1.2 vs 1.1,
1.0 %, respectively).
Differences in calcium content among analyzed samples were expected within
harvest for 2013 (Figure 2.12; Figure 2.13; Figure 2.14; Figure 2.15). Tall fescue interseeded with legumes tended to have greater concentrations of calcium compared to the
monoculture with and without fertilization, except for the June, July, and Oct. 2013
harvests. For these harvests, alfalfa showed no difference from tall fescue monoculture
in respect to calcium content. It is well known legumes tend to contain greater amounts
of minerals compared to grass species (Barnes et al., 2007). The lack of difference
between alfalfa treatment and the tall fescue monocultures could be associated with
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decreasing alfalfa persistence within tall fescue plots during the 2013 growing season. Of
great interest was the calcium content differences between the two tall fescue varieties,
which has not been reported prior. Kentucky-31 had greater calcium content than
Texoma MaxQ II for May and June harvests of 2013.
Again, the inter-seeding of white clover into tall fescue would have provided the
greatest concentration of calcium compared to all other treatments (Figure 2.16) for the
2014 growing season. Similar, to the previous growing season the decreasing persistence
of alfalfa could explain the absence of mean separation of the mixed stands from tall
fescue monoculture. The harvest difference could be associated with climatic conditions
for 2014 (Figure 2.3 and Figure 2.4). Periods of greater precipitation would have allowed
greater movement of calcium ions into the plant especially in the Marietta Sandy Loam
soil type, suggesting why the June harvest had the greatest concentration of calcium
compared to May and July. Forage samples could have been better analyzed if a muffle
furnace was utilized for dry ashing and the ash quantified. Although, it is a destructive
method, accuracy is greater for mineral determination.
Mineral Content – Phosphorus
Samples were analyzed for phosphorus and were determined by near-infrared
reflectance spectroscopy (NIRS) by measuring the amount of reflectance from a
predetermined sample. This non-destructive method was used to estimate the effect of
inter-seeding legumes into tall fescue with or without N supplementation. A statistical
analysis of the 2013 and 2014 growing season showed an interaction between tall fescue
varieties × harvest as well as a two sources of variation due to legume inclusion with or
without N supplementation and a year effect (P = 0.02; P = 0.0003; P < 0.0001,
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respectively; r2 = 0.67; CV = 6.4; Appendix Table B.5). Since there was a year effect
detected, data was separated over the two years of this study. The 2013 analyses showed
neither tall fescue variety nor legume inclusion with or without N supplementation had an
effect on phosphorus content in forage harvested forage samples (P = 0.3; P = 0.08).
Similarly, the 2014 analyses showed legume inclusion with or without N
supplementation did not affect phosphorus concentrations within forage samples taken at
harvest (P = 0.06). However, there was an interaction noted for tall fescue varieties ×
harvest (P = 0.01). Kentucky- 31 contained greater concentration of phosphorous
compared to Texoma MaxQ II during the July harvest (0.29 vs 0.28 %; data not shown).
Again, similar to the previous year there was no effect due to variety differences for the
May or June harvest with respect to phosphorus content of forage samples taken during
harvest.
Phosphorus effect was limited and only noticed during the 2014 growing season.
In 2014, tall fescue variety, KY-31, showed no difference from Texoma MaxQ II during
the July harvest. Unfortunately, the utilization of the NIRS might have not been accurate
enough to determine differences between treatment and harvest means. Use of a muffle
furnace would not have provided analysis that is more accurate because phosphorous
volatilizes when ashing occurs.
Mineral Content – Magnesium
Samples were analyzed for magnesium concentrations and were determined by
near–infrared reflectance spectroscopy (NIRS) by measuring the amount of reflectance
from a predetermined sample. This non-destructive method was used to estimate the
effect of inter-seeding legumes into tall fescue with or without N supplementation. The
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2013 and 2014 growing season analysis showed no interactions, but several single
sources of variation were noted (r2 = 0.71; CV = 7.4; Appendix Table B.6). Single
sources of variation were noted for year, tall fescue variety, harvest, and legume inclusion
into tall fescue with or without N supplementation effecting magnesium concentrations of
tall fescue which due to a year effect each was analyzed separately (P = 0.0009; P =
0.0001; P < 0.0001; P < 0.0001, respectively).
The 2013 growing season analyses showed a variety difference, which, Kentucky31 contained a greater concentration of magnesium compared to Texoma MaxQ II (0.29
vs 0.28 %; data not shown). Harvest differences were detected in respect of magnesium
concentration differences. Harvest taken during Oct. and June contained greater
concentrations of magnesium compared to July, but the May harvest was lowest for
magnesium concentrations (0.32; 0.32 vs 0.28 vs 0.28 %, respectively; Figure 2.17). The
inclusion of legumes with or without N supplementation affected magnesium
concentration during 2013. Inter-seeding white clover into tall fescue with or without N
supplementation resulted in greater concentrations of magnesium compared to all other
treatments (Figure 2.18). The inclusion of supplemental N has a tendency to lessen
magnesium concentration (Figure 2.18).
The 2014 analyses were similar to 2013. Kentucky-31 contained a greater
concentration of magnesium compared to Texoma MaxQ II (0.29 vs 0.28 %; data not
shown). Harvest differences were similar to 2013 which, May 2014 harvest showed the
least concentration of magnesium compared to June and July (0.24 vs 0.31, 0.31 %,
respectively; Figure 2.19). The inter-seeding of white clover into tall fescue with and
without N supplementation showed the greatest concentration of magnesium compared to
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all other treatments (Figure 2.20). However, unlike 2013, the inter-seeding of alfalfa
with or without N supplementation showed no difference compared to the monoculture
with or without N supplementation (Figure 2.20).
Differences noted for magnesium concentrations between the tall fescue
monoculture and when interseeded a legume, could be attributed to legumes ability to
accumulate minerals in greater concentrations, compared to grass species (Figure 2.18).
Legumes have a greater leaf to stem ratio, allowing for a greater mineral accumulation.
The difference noted between white clover and alfalfa may be explained by the poor
persistence of alfalfa within tall fescue mixtures. Similar to calcium accumulation, tall
fescue variety, KY-31, was superior to Texoma MaxQ II, with respect to magnesium
accumulation. Harvest differences detected for the 2013 growing season could be
attributed to vigorous growth during Oct. and June, but decreased growth in May and
July, explaining differences in nutrient accumulation (Figure 2.17). However, climatic
conditions could have skewed differences for 2013. Precipitation for Apr. was in excess
and in deficit for July (Figure 2.4). The excess rainfall could have influenced the mass
flow throughout the soil profile moving magnesium (which behaves chemically like
calcium) for the May harvest. Oppositely, the deficit conditions in July could have
impaired the ability for the roots to uptake magnesium for the 2013 growing season.
The 2014 growing season, the magnesium accumulation trend was similar to that
of 2013. The inclusion of white clover was superior to all other treatments. However,
alfalfa was no different from the tall fescue monocultures, supporting the theory of
decreased alfalfa stand persistence effecting magnesium concentration (Figure 2.20). In
2014, like 2013, the tall fescue variety, KY-31, was again superior to that of Texoma
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MaxQ II for magnesium accumulation. Harvest differences were also similar to those in
the 2013 growing season, with May being low in concentration compared to all other
harvests with respect to magnesium concentration (Figure 2.19). With tall fescue
approaching dormancy during June and July, which could explain why magnesium
concentrations were greater for these months during 2014. Temperatures were elevated
during June compared to the 30-yr mean, which could have induced dormancy in the tall
fescue increasing magnesium concentration (Figure 2.3).
Summary
The inclusion of legumes (white clover or alfalfa) in a test with nitrogen
supplementation showed an effect on biomass production, forage nutritive value, and
mineral content of tall fescue plots. Biomass production of tall fescue, KY-31, interseeded with white clover was similar in yield to a well-fertilized (22 kg N ha-1) tall fescue
monoculture, and greater than the control. These data suggest the inclusion of white
clover may be a viable option for producers to maintain production while limiting the
application of supplemental nitrogen and reducing cost. However, this would be
dependent on cost of amendments, especially lime and potash, needed for successful
clover establishment. Tall fescue variety, Texoma MaxQ II, produced greater biomass in
this test than KY-31, except for the Oct. harvest. This may be why there were no
detectable mean yield differences for Texoma MaxQ II with respect to legume inclusion
and various nitrogen supplementation rates.
Forage nutritive value increased when inter-seeded with white clover, and in some
cases when inter-seeded with alfalfa over fescue monoculture. Variable response from
alfalfa inter-seeding was due to stand decline over time for both years despite re-seeding
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in the fall of 2013. The effect of fall (alfalfa) re-seeding was evident by the increased in
quality of spring fescue/alfalfa harvest. In this study, white clover, as a companion
legume was found to be a more suitable candidate than alfalfa. Although, an economic
analysis was not conducted, repetitive stand establishment of alfalfa (‘Bulldog 805
$13.45 kg-1) would expect to become uneconomical for a producer. While white clover
seed is expensive (‘Durana’ $14.57 kg-1 and ‘Crusade’ $8.30 kg -1 ; Oktibbeha County
Coop), white clover perenniates under Mississippi environmental conditions and requires
a single planting.
Mineral accumulation of calcium and magnesium tended to be greater for tall
fescue inter-seeded with white clover. Again, stand persistence of alfalfa was
problematic, and may have prevented detection of difference between tall fescue/alfalfa
mixtures and tall fescue monoculture samples. Differences were noted between tall
fescue varieties, KY-31and Texoma MaxQ II, for calcium as well as magnesium
accumulation.
Table 3.1

Nitrogen cycling within plant, soil, and atmosphere.
N Inputs

Fixation
-Biological
-Industrial
-Electrical
-Combustion
Animal Manure

Procedure
Bacteria
Haber – Bosch
Electrical
Fossil Fuel

Nitrogen
Outputs
Plant Uptake
-NH4+
-NO3-

Cycling (No loss or
Gain)
Mineralization

De-Nitrification

Immobilization

Volatilization

Nitrification

Leaching
NH4+ fixation
(Havlin et al., 2014)
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Table 3.2

The nitrogen fixation rate of various legumes grown within tall fescue
(Schedonorus arundinaceus) pastures
Legume

Scientific Name

N fixed
kg ha-1 yr-1

Alfalfa

Medicago sativa

224

White clover

Trifolium repens

112

Red clover

T. pretense

128

Crimson clover

T. incarnatum

145

Ladino white clover

T. repens

168

(Havlin et al., 2014).
Table 3.3

Treatment of nitrogen supplementation rate and legume inclusion in tall
fescue (Schedonorus arundinaceus) varieties, Kentucky-31 or Texoma
MaxQ II.

Treatment

Tall Fescue Variety

Legume

N
Application

1

Kentucky-31 or Texoma MaxQ II

--

--

2

Kentucky-31 or Texoma MaxQ II

--

22*

3

Kentucky-31 or Texoma MaxQ II

--

45†

4

Kentucky-31 or Texoma MaxQ II

Alfalfa

--

5

Kentucky-31 or Texoma MaxQ II

White clover

--

6

Kentucky-31 or Texoma MaxQ II

Alfalfa

11‡

7

Kentucky-31 or Texoma MaxQ II

White clover

11‡

8

Kentucky-31 or Texoma MaxQ II

Alfalfa

22*

9

Kentucky-31 or Texoma MaxQ II

White clover

22*

*Nitrogen applied at a rate of 11 kg ha-1 N in the spring and 11 kg ha-1 N in the fall after
the first harvest.
†Nitrogen applied at a rate of 22 kg ha-1 N in the spring and 22 kg ha-1 N in the fall.
Nitrogen applications within a seasonal period were applied at a rate of 11 kg ha-1
N after the first harvest and 11 kg ha-1 N after the second harvest.
‡Nitrogen was only applied in the fall after the first harvest
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Figure 3.1

Mean cost of ammonium nitrate over a 14-year period

(NASS USDA, 2015).
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Figure 3.2

Tall fescue (Schedonorus arundinaceus) compared to bermudagrass
(Cynodon dactylon) for nutrient quality factors: total digestible nutrients,
acid detergent fiber, crude protein, and neutral detergent fiber at 4 weeks of
regrowth

(Ball et al., 2007).

Figure 3.3

Mean monthly temperatures (°C) for Starkville, MS, during the 2013 and
2014 growing seasons.
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Figure 3.4

Mean monthly precipitation (mm) for Starkville, MS, during the 2013 and
2014 growing seasons.

Figure 3.5

Analysis between tall fescue (Schedonorus arundinaceus) varieties with
respect to biomass production for pooled 2013 and 2014 growing season
observations.

*different letters denote significant differences between paired harvest treatment means at
α=0.05
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Figure 3.6

Tall fescue (Schedonorus arundinaceus) variety Kentucky-31 yield
response to white clover or alfalfa inclusion with imposed nitrogen
treatments (0, 11, and 22 kg ha-1 N) for the pooled 2013 and 2014 growing
season observations.

*Kentucky-31 inter-seeded with alfalfa or white clover in combination with nitrogen
supplementation
†
different letters denote significant differences between harvest treatment means at
α=0.05
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Figure 3.7

The percentage of white clover or alfalfa inter-seeded into tall fescue
(Schedonorus arundinaceus) varieties, Kentucky-31 or Texoma MaxQ II
plots, across May, June, July, and Oct. harvest with pooled observations
from the 2013 and 2014 growing season.

*different letters denote significant differences between white clover and alfalfa harvest
treatment with or without nitrogen supplementation means at α=0.05
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Figure 3.8

Tall fescue (Schedonorus arundinaceus) in vitro dry matter disappearance
response to white clover or alfalfa inclusion with imposed nitrogen
treatments (0, 11, and 22 kg ha-1 N) for the 2013 growing season.

*tall fescue inter-seeded with alfalfa or white clover in combination with nitrogen
supplementation
†
different letters denote significant differences between harvest treatment means at
α=0.05
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Figure 3.9

Tall fescue (Schedonorus arundinaceus) in vitro dry matter disappearance
response to white clover or alfalfa inclusion with imposed nitrogen
treatments (0, 11, and 22 kg ha-1 N) between the 2013 harvest.

*different letters denote significant differences between pooled treatment means at
α=0.05
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Figure 3.10

Tall fescue (Schedonorus arundinaceus) in vitro dry matter disappearance
response to white clover or alfalfa inclusion with imposed nitrogen
treatments (0, 11, and 22 kg ha-1 N) for the 2014 growing season.

*tall fescue inter-seeded with alfalfa or white clover in combination with nitrogen
supplementation
†
different letters denote significant differences between pooled harvest treatment means
at α=0.05
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Figure 3.11

Tall fescue (Schedonorus arundinaceus) in vitro dry matter disappearance
response to white clover or alfalfa inclusion with imposed nitrogen
treatments (0, 11, and 22 kg ha-1 N) between the 2014 harvest.

*different letters denote significant differences between harvest with pooled treatment
means at α=0.05
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Figure 3.12

Tall fescue (Schedonorus arundinaceus) calcium concentration response to
white clover or alfalfa inclusion with imposed nitrogen treatments (0, 11,
and 22 kg ha-1 N) for the May 2013 harvest.

*tall fescue inter-seeded with alfalfa or white clover in combination with nitrogen
supplementation
†
different letters denote significant difference between May 2013 harvest treatment
means at α=0.05
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Figure 3.13

Tall fescue (Schedonorus arundinaceus) calcium concentration response to
white clover or alfalfa inclusion with imposed nitrogen treatments (0, 11,
and 22 kg ha-1 N) for the June 2013 harvest.

*tall fescue inter-seeded with alfalfa or white clover in combination with nitrogen
supplementation
†
different letters denote significant difference between June 2013 harvest treatment
means at α=0.05
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Figure 3.14

Tall fescue (Schedonorus arundinaceus) calcium concentration response to
white clover or alfalfa inclusion with imposed nitrogen treatments (0, 11,
and 22 kg ha-1 N) for the July 2013 harvest.

*tall fescue inter-seeded with alfalfa or white clover in combination with nitrogen
supplementation
†
different letters denote significant difference between July 2013 harvest treatment means
at α=0.05
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Figure 3.15

Tall fescue (Schedonorus arundinaceus) calcium concentration response to
white clover or alfalfa inclusion with imposed nitrogen treatments (0, 11,
and 22 kg ha-1 N) for the Oct. 2013 harvest.

*tall fescue inter-seeded with alfalfa or white clover in combination with nitrogen
supplementation
†
different letters denote significant difference between Oct. 2013 harvest treatment means
at α=0.05
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Figure 3.16

Tall fescue (Schedonorus arundinaceus) calcium concentration response to
white clover or alfalfa inclusion with imposed nitrogen treatments (0, 11,
and 22 kg ha-1 N) for the 2014 growing season.

*tall fescue inter-seeded with alfalfa or white clover in combination with nitrogen
supplementation
†
different letters denote significant difference between 2014 pooled harvest treatment
means at α=0.05
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Figure 3.17

Tall fescue (Schedonorus arundinaceus) magnesium concentration
response to white clover or alfalfa inclusion with imposed nitrogen
treatments (0, 11, and 22 kg ha-1 N) for the 2013 growing season.

*different letters denote significant differences between 2013 pooled harvest treatment
means at α=0.05
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Figure 3.18

Tall fescue (Schedonorus arundinaceus) magnesium concentration
response to white clover or alfalfa inclusion with imposed nitrogen
treatments (0, 11, and 22 kg ha-1 N) for the 2013 growing season.

*tall fescue inter-seeded with alfalfa or white clover in combination with nitrogen
supplementation
†
different letters denote significant difference between 2013 pooled harvest treatment
means at α=0.05
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Figure 3.19

Tall fescue (Schedonorus arundinaceus) magnesium concentration
response to white clover or alfalfa inclusion with imposed nitrogen
treatments (0, 11, and 22 kg ha-1 N) for the 2014 growing season.

*different letters denote significant differences between 2014 pooled harvest treatment
means at α=0.05
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Figure 3.20

Tall fescue (Schedonorus arundinaceus) magnesium concentration
response to white clover or alfalfa inclusion with imposed nitrogen
treatments (0, 11, and 22 kg ha-1 N) for the 2014 growing season.

*tall fescue inter-seeded with alfalfa or white clover in combination with nitrogen
supplementation
†
different letters denote significant difference between 2014 pooled harvest treatment
means at α=0.05
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APPENDIX A
MANAGING SEED HEAD SUPPRESSION IN KY-31 TALL FESCUE BY
HERBICIDE AND MECHANICAL PRACTICES
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Table A.1

Analysis of variance of herbicides and herbicides combinations effect on
seedhead development in tall fescue (Schedonorus arundinaceus) variety,
Kentucky-31, in 2013.

Source

DF

Sum of Squares

Mean Square

F Value Pr > F

Model

21

19219.0

915.2

2.08

0.02

Rep*

2

868.0

434.0

0.99

0.3

Herb†

9

16916.5

1879.6

Spec‡

1

214.7

214.7

0.49

0.4

Herb × Spec

9

1219.7

135.5

0.31

0.9

Error

38

16698.1

439.6

Corrected Total

59

35917.1

4.28 0.0007

*Repetitions
†
Herbicide treatments
‡
Species tall fescue with white clover or tall fescue alone
Table A.2

Analysis of variance of herbicides and herbicides combinations effect on
seedhead development for tall fescue (Schedonorus arundinaceus) variety,
Kentucky-31, in 2014.

Source

DF

Sum of Squares

Mean Square

F Value

Pr > F

Model

21

4262.6

202.9

11.96

<0.0001

Rep*

2

349.5

174.7

10.29

0.0003

Herb†

9

3826.5

425.2

25.04

<0.0001

Spec‡

1

1.7

1.7

0.10

0.75

Herb × Spec

9

81.9

9.4

0.56

0.82

Error

38

645.2

16.9

Corrected Total

59

4907.7

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone
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Table A.3

Analysis of variance of herbicides and herbicides combinations effect on
yield for tall fescue (Schedonorus arundinaceus) variety, Kentucky-31, in
2013.

Source

DF

Sum of Squares

Mean Square

F Value Pr > F

Model

56

482617257.0

8618165.3

25.51 <0.0001

Rep*

2

2064028.9

1032014.4

App§

1

148594325.1

148594325.1

439.92 <0.0001

Herb†

9

20067138.7

2229682.1

6.6 <0.0001

Spec‡

1

514352.6

514352.6

Date

2

39485539.2

19742769.6

App × Herb

9

4592443.1

510271.5

1.51

0.1432

App × Spec

1

5250.6

5250.6

0.02

0.9009

App × Date

2

246370047.6

123185023.8

Herb × Date

18

13046813.2

724823.0

2.15

0.0048

Herb × Spec

9

5577578.2

619730.9

1.83

0.0616

Date × Spec

2

63892.8

31946.4

0.09

0.9098

337775.1

Error

303

102345869.7

Corrected Total

359

584963126.7

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone
§
Application timing
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3.06

1.52

0.04

0.2182

58.45 <0.0001

364.7 <0.0001

Table A.4

Analysis of variance of herbicides and herbicides combinations effect on
yield for tall fescue (Schedonorus arundinaceus) variety, Kentucky-31, in
2014.

Source

DF

Sum of Squares

Model

44

143961108.0

3271843.4

5.21

<0.0001

Rep*

2

11161702.2

5580851.1

8.88

0.0002

App§

1

668812.6

668812.6

1.06

0.3

Herb†

9

33665442.1

3740604.7

5.95

<0.0001

Spec‡

1

242557.1

242557.1

0.39

0.5

Date

1

44762423.2

44762423.2

71.2

<0.0001

App × Herb

9

5604828.1

622758.7

0.99

0.4

App × Spec

1

2581449.3

2581449.4

4.11

0.04

App × Date

1

26586312.5

26586312.5

42.3

<0.0001

Herb × Date

9

12665739.7

1407304.4

2.24

0.02

Herb × Spec

9

4274227.7

474914.2

0.76

0.6

Date × Spec

1

1171025.9

1171025.9

1.86

0.1

628490.1

Error

195

122555578.4

Corrected Total

239

266516686.3

Mean Square F Value Pr > F

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone
§
Application timing
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Table A.5

Analysis of variance of herbicides and herbicides combinations effect on
normalized difference vegetative index for tall fescue (Schedonorus
arundinaceus) variety, Kentucky-31, in 2013.

Source

DF

Sum of Squares

Mean Square F Value

Model

32

1.3

0.04

2.7

0.0001

Rep*

2

0.01

0.006

0.4

0.6

App§

1

0.07

0.07

4.7

0.03

Herb†

9

0.5

0.05

3.6

0.0007

Spec‡

1

0.00009

0.00009

0.01

0.9

App × Herb

9

0.4

0.04

2.9

0.005

App × Spec

1

0.04

0.04

2.9

0.09

Herb × Spec

9

0.3

0.04

2.5

0.01

Error

87

1.3

0.01

Corrected Total

119

2.5

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone
§
Application timing
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Pr > F

Table A.6

Analysis of variance of herbicides and herbicides combinations effect on
normalized difference vegetative index for tall fescue (Schedonorus
arundinaceus) variety, Kentucky-31, in 2014.

Source

DF

Sum of Squares

Mean Square F Value Pr > F

Model

44

1.6

0.04

12.9

<0.0001

Rep*

2

0.09

0.04

16.7

<0.0001

App§

1

0.01

0.01

4.9

0.0271

Herb†

9

0.08

0.009

3.2

0.0013

Spec‡

1

0.04

0.03

11.4

0.0009

Date

1

1.1

1.1

371.3

<0.0001

App × Herb

9

0.04

0.004

1.5

0.1

App × Spec

1

0.001

0.001

0.4

0.6

App × Date

1

0.03

0.03

9.3

0.003

Herb × Date

9

0.1

0.01

5.1

<0.0001

Herb × Spec

9

0.03

0.003

1.0

0.5

Date × Spec

1

0.02

0.02

7.0

0.009

Error

155

0.4

0.003

Corrected Total

199

2.1

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone
§
Application timing
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Table A.7

Analysis of variance of herbicides and herbicides combinations effect on
Canopy cover as analyzed with leaf area index for tall fescue (Schedonorus
arundinaceus) variety, Kentucky-31, in 2013.

Source

DF

Sum of Squares Mean Square

F Value

Pr > F

Model

44

1838.2

41.8

72.9

<0.0001

Rep*

2

7.1

3.5

6.27

0.0023

App§

1

17.6

17.6

30.83

<0.0001

Herb†

9

27.7

3.08

5.38

<0.0001

Spec‡

1

0.06

0.06

0.1

0.7

Date

1

1669.0

App × Herb

9

32.1

App × Spec

1

App × Date

2915.0

<0.0001

3.6

6.2

<0.0001

0.3

0.3

0.5

0.4

1

14.9

14.9

26.0

<0.0001

Herb × Date

9

58.9

6.5

11.4

<0.0001

Herb × Spec

9

6.1

0.7

1.2

0.3

Date × Spec

1

1.9

1.9

3.3

0.07

0.6

Error

193

110.5

Corrected Total

237

1948.7

1669.0

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone
§
Application timing
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Table A.8

Analysis of variance of herbicides and herbicides combinations effect on
Canopy cover as analyzed with leaf area index for tall fescue (Schedonorus
arundinaceus) variety, Kentucky-31, in 2014.

Source

DF

Sum of Squares

Mean Square

Model

44

355.0

8.1

10.6 <0.0001

Rep*

2

22.5

11.2

14.83 <0.0001

App§

1

3.7

3.7

4.93 0.0275

Herb†

9

26.9

2.9

3.95 0.0001

Spec‡

1

6.6

6.6

Date

1

227.6

227.6

App × Herb

9

8.0

0.9

1.2

0.3

App × Spec

1

0.08

0.08

0.1

0.7

App × Date

1

54.7

54.7

Herb × Date

9

4.9

0.5

0.7

0.7

Herb × Spec

9

4.2

0.5

0.6

0.8

Date × Spec

1

0.0002

0.0002

0

1.0

Error

195

148.1

0.7

Corrected Total

239

503.0

*Repetitions
†Herbicide treatments
‡Species denotes tall fescue with white clover or alone
§Application timing
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F Value Pr > F

8.6

0.004

299.8 <0.0001

72.0 <0.0001

Table A.9

Analysis of variance of herbicides and herbicides combinations effect on
clover population as analyzed with archaeological provenience drawing
square for tall fescue (Schedonorus arundinaceus) variety, Kentucky-31, in
2013.

Source

DF

Sum of Squares

Mean Square F Value Pr > F

Model

56

25095.9

448.1

27.4

<0.0001

Rep*

2

10.7

5.3

0.33

0.7

App§

1

44.5

44.5

2.7

0.1

Herb†

9

861.4

95.7

5.8

<0.0001

Spec‡

1

11825.0

11825.0

721.8

<0.0001

Date

2

4948.7

2474.4

151.0

<0.0001

App × Herb

9

79.8

8.9

0.5

0.8

App × Spec

1

50.0

50.0

3.1

0.08

App × Date

2

1096.2

548.1

33.5

<0.0001

Herb × Date

18

369.9

20.6

1.3

0.2

Herb × Spec

9

865.7

96.2

5.9

<0.0001

Date × Spec

2

4822.9

2411.4

147.2

<0.0001

Error

301

4931.2

16.4

Corrected Total

357

30027.1

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone.
§
Application timing
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Table A.10 Analysis of variance of herbicides and herbicides combinations effect on
clover population as analyzed with archaeological provenience drawing
square for tall fescue (Schedonorus arundinaceus) variety, Kentucky-31, in
2014.
Source

DF

Sum of Squares

Mean Square F Value

Model

44

24491.7

556.2

35.4

<.0001

Rep*

2

141.6

70.8

4.5

0.01

App§

1

116.9

116.9

7.4

0.007

Herb†

9

3084.7

342.7

21.8

<0.0001

Spec‡

1

17328.6

17328.6

1100.6

<0.0001

Date

1

93.8

93.8

5.9

0.01

App × Herb

9

261.8

29.1

1.9

0.06

App × Spec

1

200.6

200.6

12.7

0.0005

App × Date

1

2.8

2.8

0.2

0.6

Herb × Date

9

265.9

29.6

1.9

0.05

Herb × Spec

9

2778.8

308.8

19.6

<0.0001

Date × Spec

1

104.1

104.1

6.6

0.01

Error

195

3070.2

15.7

Corrected Total

239

27561.9

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone
§
Application timing
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Pr > F

Table A.11 Analysis of variance of herbicides and herbicides combinations effect on
neutral detergent fiber fraction as analyzed by near-infrared spectrometry
for tall fescue (Schedonorus arundinaceus) variety, Kentucky-31, in 2013.
Source

DF

Sum of Squares

Model

56

192314.6

3434.1

Rep*

2

5.4

2.7

App§

1

35980.9

35980.9

8236.8 <0.0001

Herb†

9

342.8

38.0

8.7 <0.0001

Spec‡

1

4.3

4.3

Date

2

87790.5

43895.2

App × Herb

9

100.1

11.1

2.5

0.007

App × Spec

1

0.4

0.4

0.1

0.7

App × Date

2

67096.2

33548.1

7679.9 <0.0001

Herb × Date

18

314.1

17.4

4 <0.0001

Herb × Spec

9

15.9

1.7

0.4

0.9

Date × Spec

2

10.8

5.4

1.2

0.2

1323.5

4.3

Error

303

Corrected Total

359

Mean Square F Value

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone
§
Application timing
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Pr > F

786.1 <0.0001
0.6

1

0.5

0.3

10048.6 <0.0001

Table A.12 Analysis of variance of herbicides and herbicides combinations effect on
neutral detergent fiber fraction as analyzed by near-infrared spectrometry
for tall fescue (Schedonorus arundinaceus) variety, Kentucky-31, in 2014.
Source

DF

Sum of Squares

Mean Square

F Value

Pr > F

Model

44

2633.7

59.8

6.6

<0.0001

Rep*

2

85.4

42.7

4.7

0.009

App§

1

166.8

166.8

18.5

<0.0001

Herb†

9

526.6

58.5

6.5

<0.0001

Spec‡

1

53.3

53.3

5.9

0.01

Date

1

820.1

820.1

91.4

<0.0001

App × Herb

9

259.2

28.8

3.2

0.001

App × Spec

1

31.

31.4

3.5

0.06

App × Date

1

374.6

374.6

41.7

<0.0001

Herb × Date

9

264.2

29.3

3.2

0.001

Herb × Spec

9

40.0

4.4

0.5

0.8

Date × Spec

1

3.1

3.1

0.3

0.5

8.9

Error

195

1749.4

Corrected Total

239

4383.1

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone
§
Application timing

141

Table A.13 Analysis of variance of herbicides and herbicides combinations effect on
acid detergent fiber fraction as analyzed by near-infrared spectrometry for
tall fescue (Schedonorus arundinaceus) variety, Kentucky-31, in 2013.
Source

DF

Sum of Squares

Mean Square F Value

Model

56

61108.8

1091.2

Rep*

2

3.4

1.7

App§

1

11981.6

11981.6

Herb†

9

126.06

Spec‡

1

Date

Pr > F

558.7

<0.0001

0.8

0.4

6135.2

<0.0001

14.0

7.1

<0.0001

0.006

0.006

0

0.9

2

25684.8

12842.4

App × Herb

9

22.2

2.4

1.2

0.2

App × Spec

1

0.7

0.7

0.3

0.5

App × Date

2

22920.4

11460.2

5868.2

<0.0001

Herb × Date

18

97.8

5.4

2.7

0.0002

Herb × Spec

9

31.1

3.4

1.7

0.07

Date × Spec

2

3.2

1.6

0.8

0.4

1.9

Error

303

591.7

Corrected Total

359

61700.5

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone
§
Application timing
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6576.02 <0.0001

Table A.14 Analysis of variance of herbicides and herbicides combinations effect on
acid detergent fiber fraction as analyzed by near-infrared spectrometry for
tall fescue (Schedonorus arundinaceus) variety, Kentucky-31, in 2014.
Source

DF

Sum of Squares

Mean Square

F Value

Pr > F

Model

44

666.2

15.1

7.4

<0.0001

Rep*

2

25.1

12.5

6.1

0.0025

App§

1

32.2

32.2

15.8

<0.0001

Herb†

9

93.06

10.3

5.07

<0.0001

Spec‡

1

4.02

4.02

1.9

0.1

Date

1

304.1

304.1

149.2

<0.0001

App × Herb

9

47.2

5.2

2.5

0.008

App × Spec

1

4.7

4.7

2.3

0.1

App × Date

1

65.2

65.2

32.0

<0.0001

Herb × Date

9

72.7

8.08

3.9

0.0001

Herb × Spec

9

14.4

1.6

0.7

0.6

Date × Spec

1

2.09

2.09

1.03

0.3

Error

195

397.3

2.03

Corrected Total

239

1063.6

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone
§
Application timing
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Table A.15 Analysis of variance of herbicides and herbicides combinations effect on
crude protein as analyzed by near-infrared spectrometry for tall fescue
(Schedonorus arundinaceus) variety, Kentucky-31, in 2013.
Source

DF

Sum of Squares

Mean Square

Model

56

9218.8

164.6

168.1 <0.0001

Rep*

2

8.1

4.4

740.02 <0.0001

App§

1

724.6

724.6

740.02 <0.0001

Herb†

9

67.5

7.5

7.6 <0.0001

Spec‡

1

4.6

4.6

4.7

Date

2

5973.6

2986.8

App × Herb

9

15.7

1.7

1.7

0.06

App × Spec

1

0.09

0.09

0.1

0.7

App × Date

2

2361.6

1180.8

Herb × Date

18

41.5

2.3

2.3

0.0016

Herb × Spec

9

14.6

1.6

1.6

0.09

Date × Spec

2

6.8

3.4

3.5

0.03

0.9

Error

303

296.7

Corrected Total

359

9515.5

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone
§
Application timing
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F
Value

Pr > F

0.03

3050.0 <0.0001

1205.7 <0.0001

Table A.16 Analysis of variance of herbicides and herbicides combinations effect on
crude protein as analyzed by near-infrared spectrometry for tall fescue
(Schedonorus arundinaceus) variety, Kentucky-31, in 2014.
Source

DF

Sum of Squares

Model

44

134.1

3.04

2.1

0.0003

Rep*

2

14.5

7.2

5.03

0.0074

App§

1

1.9

1.9

1.3

0.2

Herb†

9

25.7

2.8

1.9

0.044

Spec‡

1

17.9

17.9

12.3

0.0005

Date

1

16.5

16.5

11.4

0.0009

App × Herb

9

17.8

1.9

1.3

0.2

App × Spec

1

4.7

4.7

3.2

0.07

App × Date

1

7.5

7.5

5.2

0.02

Herb × Date

9

12.4

1.3

0.9

0.4

Herb × Spec

9

18.1

2.01

1.3

0.1

Date × Spec

1

0.1

0.1

0.1

0.7

1.4

Error

195

282.8

Corrected Total

239

417.02

Mean Square F Value

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone
§
Application timing
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Pr > F

Table A.17 Analysis of variance of herbicides and herbicides combinations effect on
weed pressure as measured by visual estimation for tall fescue (Schedonorus
arundinaceus) variety, Kentucky-31, in 2014.
Source

DF

Sum of Squares

Mean Square

F Value

Pr > F

Model

44

51029.6

1159.7

5.9

<0.0001

Rep*

2

575.2

287.6

1.4

0.2

App§

1

1363.4

1363.4

7.02

0.0087

Herb†

9

17397.1

1933.01

9.9

<0.0001

Spec‡

1

3115.5

3115.5

16.05

<0.0001

Date

1

12480.2

12480.2

64.2

<0.0001

App × Herb

9

5439.5

604.3

3.1

0.001

App × Spec

1

755.1

755.1

3.8

0.05

App × Date

1

3019.6

3019.6

15.5

0.0001

Herb × Date

9

3905.2

433.9

2.2

0.02

Herb × Spec

9

2264.5

251.6

1.3

0.2

Date × Spec

1

1250.0

1250.0

6.4

0.01

Error

195

37863.6

194.1

Corrected Total

239

88893.3

*Repetitions
†
Herbicide treatments
‡
Species denotes tall fescue with white clover or alone
§
Application timing
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APPENDIX B
EFFECT OF LEGUME AND N APPLICATIONS ON TALL FESCUE YIELD AND
QUALITY
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Table B.1

Analysis of variance from inter-seeding white clover or alfalfa with and
without nitrogen supplementation effect on biomass production for tall
fescue (Schedonorus arundinaceus) varieties, Kentucky-31 or Texoma
MaxQ II.

Source

DF

Sum of Squares Mean Square

F Value

Pr > F

Model

40

157624084.8

3940602.1

18.0

<0.0001

Year

1

405287.9

405287.9

1.86

0.1

Rep*

2

757427.9

378714

1.74

0.1

Tf †

1

4567167.4

4567167

20.96

<0.0001

Spec‡

6

3364881.2

560813.5

2.57

0.01

Tf × Spec

6

3633279.4

605546.6

2.78

0.01

Harv§

3

123879163.2

41293054

189.5

<0.0001

Tf × Harv

3

2183909.3

727969.8

3.34

0.01

Spec × Harv

18

3591384.4

199521.4

0.92

0.5

Error

337

73435386.7

217909.2

Corrected Total

377

231059471.5

*Repetitions
†
Tall fescue varieties (Kentucky-31 or Texoma MaxQ II)
‡
Species denotes tall fescue with inter-seeded with legume (white clover or alfalfa) or
alone with variable nitrogen supplementation and without
§
Harvest
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Table B.2

Analysis of variance from inter-seeding white clover or alfalfa with and
without nitrogen supplementation effect on legume percentage for tall
fescue (Schedonorus arundinaceus) varieties, Kentucky-31 or Texoma
MaxQ II.

Source

DF

Model

40

Year

1

Rep*

Sum of Squares Mean Square

F Value

Pr > F

3940602.1

18.0

<0.0001

17.6

17.6

0.2

0.6

2

229.6

114.8

1.3

0.2

Tf †

1

15.2

15.2

0.1

0.6

Spec‡

6

37584.0

6264.0

74.9

<0.0001

Tf × Spec

6

259.4

43.2

0.5

0.7

Harv§

3

4626.2

1542.0

18.4

<0.0001

Tf × Harv

3

16.0

5.3

0.06

0.9

Spec × Harv

18

8919.0

495.5

5.9

<0.0001

Error

337

73435386.7

217909.2

Corrected Total

377

231059471.5

157624084.8

*Repetitions
†
Tall fescue varieties (Kentucky-31 or Texoma MaxQ II)
‡
Species denotes tall fescue with inter-seeded with legume (white clover or alfalfa) or
alone with variable nitrogen supplementation and without
§
Harvest
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Table B.3

Analysis of variance from inter-seeding white clover or alfalfa with and
without nitrogen supplementation effect on In vitro dry matter
disappearance for tall fescue (Schedonorus arundinaceus) varieties,
Kentucky-31 or Texoma MaxQ II.

Source

DF

Sum of Squares Mean Square

F Value

Pr > F

Model

40

2817.7

70.4

12.5

<0.0001

Year

1

349.7

349.7

62.1

<0.0001

Rep*

2

65.1

32.5

5.7

0.0034

Tf †

1

0.0005

0.0005

0

0.9

Spec‡

6

233.9

38.9

6.9

<0.0001

Tf × Spec

6

25.5

4.2

0.7

0.6053

Harv§

3

1476.9

492.3

87.5

<0.0001

Tf × Harv

3

14.6

4.8

0.8

0.4

Spec × Harv

18

68.8

3.8

0.6

0.8

Error

337

1895.8

5.6

Corrected Total

377

4713.6

*Repetitions
†
Tall fescue varieties (Kentucky-31 or Texoma MaxQ II)
‡
Species denotes tall fescue with inter-seeded with legume (white clover or alfalfa) or
alone with variable nitrogen supplementation and without
§
Harvest
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Table B.4

Analysis of variance from inter-seeding white clover or alfalfa with and
without nitrogen supplementation effect on calcium content for tall fescue
(Schedonorus arundinaceus) varieties, Kentucky-31 or Texoma MaxQ II.

Source

DF

Sum of Squares Mean Square

F Value

Pr > F

Model

40

6.15

0.1

11.29

<0.0001

Year

1

0.07

0.07

5.7

0.01

Rep*

2

0.002

0.001

0.09

0.9

Tf †

1

0.1

0.1

8.7

0.003

Spec‡

6

1.8

0.3

22.3

<0.0001

Tf × Spec

6

0.1

0.01

1.2

0.2

Harv§

3

2.2

0.7

56.2

<0.0001

Tf × Harv

3

0.1

0.05

3.9

0.008

Spec × Harv

18

0.5

0.02

2.1

0.003

Error

337

4.5

0.01

Corrected Total

377

10.7

*Repetitions
†
Tall fescue varieties (Kentucky-31 or Texoma MaxQ II)
‡
Species denotes tall fescue with inter-seeded with legume (white clover or alfalfa) or
alone with variable nitrogen supplementation and without
§
Harvest
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Table B.5

Analysis of variance from inter-seeding white clover or alfalfa with and
without nitrogen supplementation effect on phosphorous content for tall
fescue (Schedonorus arundinaceus) varieties, Kentucky-31 or Texoma
MaxQ II.

Source

DF

Sum of Squares Mean Square

F Value

Pr > F

Model

40

0.2

0.005

17.1

<0.0001

Year

1

0.007

0.007

22.2

<0.0001

Rep*

2

0.02

0.01

30.8

<0.0001

Tf †

1

0.0005

0.0005

1.5

0.2102

Spec‡

6

0.008

0.001

4.4

0.0003

Tf × Spec

6

0.002

0.0003

1.0

0.3915

Harv§

3

0.1

0.05

168.2

<0.0001

Tf × Harv

3

0.003

0.001

3.0

0.0292

Spec × Harv

18

0.002

0.0001

0.4

0.9883

Error

337

0.3

0.0003

Corrected Total

377

0.3

*Repetitions
†
Tall fescue varieties (Kentucky-31 or Texoma MaxQ II)
‡
Species denotes tall fescue with inter-seeded with legume (white clover or alfalfa) or
alone with variable nitrogen supplementation and without
§
Harvest
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Table B.6

Analysis of variance from inter-seeding white clover or alfalfa with and
without nitrogen supplementation effect on magnesium content for tall
fescue (Schedonorus arundinaceus) varieties, Kentucky-31 or Texoma
MaxQ II.

Source

DF

Sum of Squares Mean Square

F Value

Pr > F

Model

40

0.4

0.01

21.6

<0.0001

Year

1

0.005

0.005

11.2

0.0009

Rep*

2

0.002

0.001

2.6

0.07

Tf †

1

0.007

0.007

15.1

0.0001

Spec‡

6

0.05

0.009

18.6

<.0001

Tf × Spec

6

0.002

0.0003

0.7

0.5

Harv§

3

0.3

0.1

214.2

<.0001

Tf × Harv

3

0.002

0.0008

1.8

0.1

Spec × Harv

18

0.01

0.0007

1.5

0.06

Error

337

0.1

0.0004

Corrected Total

377

0.5

*Repetitions
†
Tall fescue varieties (Kentucky-31 or Texoma MaxQ II)
‡
Species denotes tall fescue with inter-seeded with legume (white clover or alfalfa) or
alone with variable nitrogen supplementation and without
§
Harvest
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